Ct ECKING A RADIATION PYROMETER—SEE WEEKLY SURVEY 
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NO SHORT CUT 


HE report of the Court of Inquiry into 

the Comet accidents is being read and 
considered from many different points of 
view. It is available to anyone who thinks 
he can improve upon the Court’s analysis. 
It is a happy hunting ground for amateur 
detectives of fatigue. But its greatest value 
will be found by those who read it to learn. 
They will be helped by an article, published 
in this issue, which has been prepared by 
Professor W. J. Duncan, F.R.S., who was 
one of the three Assessors at the Court. 
Professor Duncan’s aim is “to formulate 
some of the important technical conclusions 
and questions which emerge [from the 
Inquiry] and to review very briefly the subject 
of the fatigue of metals and its implications 
for engineering design.” We believe that 
his article is of exceptional importance, 
not only to aircraft designers throughout the 
world but also to all engineers who are 
confronted with the uncertain effects of metal 
fatigue. 

It is foolish, at this stage, to express 
opinions on the future of Messrs. de Havil- 
lands’ work on the Comets. The publication 
of the report is only the beginning of a care- 
ful review of the position by the firm them- 
selves and by other interested parties. There 
is, however, one significant factor which is 
already apparent. The report has drawn 
general attention to the fact that there are 
no short cuts to the introduction of a new 
aircraft into civil air-line service. Develop- 
ment work is as necessary as design. Unfor- 
tunately, the necessity for development work 
in any branch of engineering is only appre- 
ciated fully by engineers. There have been 
many cases in the past where work has been 
stopped on a promising project simply 
because the controllers of finance have 
become disheartened as a result of an 
unexpected technical hitch. A sudden fall 
in confidence is greatest when the expecta- 
tions have previously been highest. In the 
case of the Comet, it is because so much 
effort has already been put into the design; 
because Comets had flown 10,000,000 miles 
before they were grounded; and because 
the most thorough analysis of design in the 
short history of aeronautics has been under- 
taken on the Comets—these reasons are 
very strong arguments in favour of the further 
work which de Havillands are to undertake. 
It would be madness, unless an entirely new 
factor emerges, to do what one commen- 
tator has suggested—to wait until something 
better appears. ‘“‘ Something better” would 
require at least as much development—and 
time—as has already been expended on the 
Comet. 

With that consideration in mind, and 
pending official announcements from de 
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Havillands, the Government, the air-line 
operators and others directly concerned, 
certain suggestions made by the Court are 
worthy of general recognition. More study 
is needed, the Court recommend, of the 
problem of securing an economically satis- 
factory safe life of pressure cabins if the 
lightest possible structure is to be achieved. 
Because of the variation among the lives 
of nominally identical parts—the “‘ scatter ” 
of the results in service or under test— 
methods must be devised of ensuring that 
design, combined with a reasonable pro- 
gramme of tests, can guarantee that the 
pressure cabins of transport aircraft will be 
entirely safe. Wider use should be made 
of strain gauges and of methods of calcu- 
lating the stress distribution in the structure 
of a pressure cabin. 

On the advice of his Assessors, the Com- 
missioner of the Court of Inquiry, Lord 
Cohen, makes certain suggestions regarding 
scientific and technical investigations of 
wider significance than purely aircraft work. 
The plastic flow of aluminium alloys when 
stressed beyond the elastic limit permits the 
relief of high stress concentrations. Thus 
during a test (a pressure test in the case of a 
pressure cabin) there may be some easing of 
localised high stresses, and although this 
process may subsequently cause trouble 
because of the locked-up stresses which it 
leaves when the pressure is removed, it 
undoubtedly has useful possibilities. There- 
fore, Lord Cohen suggests, this phenomenon 
should be studied more deeply. He also 
recommends that the true static strength 
of a complete Comet cabin should be deter- 
mined in the Royal Aircraft Establishment’s 
water tank, partly to clear up such uncer- 
tainties as remain from the Inquiry but also 
to provide useful information for the design 
of pressure cabins in the future. 

On broader issues Lord Cohen makes one 
further suggestion and rejects two which 
came up during the Inquiry. He agrees 
that the aircraft industry should make 
greater use of the R.A.E. and other Ministry 
of Supply research establishments than has 
evidently been customary in the past. He 
does not agree that the aircraft builders’ 
inspection during production should be 
taken over or duplicated by the Air Regis- 
tration Board, on a system similar to that 
applied to ships by Lloyd’s. ‘* Responsibility 
for the quality of his product must rest with 
the producer. It is, therefore, essential for 
the producer to have his own system of 
inspection. Any additional system would 
add to expense, but not, it was argued, to 
safety.” 

After this brief review of the report we 
may leave Professor Duncan to carry the 
whole subject. into the broader realms of 
mechanical engineering. 
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Weekly Survey 


Cover Picture: The Féry telescope, a radiation 
pryrometer used for measuring high temperatures 
where thermocouple-type pryrometers cannot be 
employed, is calibrated by means of a disappearing- 
filament pryrometer, both instruments being focused 
on the same zone of the back lining of the furnace. 
The disappearing filament pryrometer (shown on 
the right) has previously been calibrated against a 
special ribbon-type electric lamp and is used here 
as a sub-standard for measuring the temperature 
of the furnace. The Feéry telescope is connected 
to an indicator or recorder not shown in the 
photograph. 
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LORD SALISBURY ON SCIENCE 
IN INDUSTRY 


Lord Salisbury, in a recent speech to the Parlia- 
mentary and Scientific Committee, returned to 
the theme of the need for the increasing exploita- 
tion of science by industry. He put this need 
in the context of the growing difficulties likely to 
be faced by our export industries in the future 
and emphasised the need to create a new climate 
of public opinion to raise the prestige of science 
and applied science, particularly in the schools. 

To the ordinary man, he said, this must seem 
a period of unparalleled prosperity and he might 
be forgiven if he took a fairly cheerful view of the 
economic future of this country. There were 
aspects of our position, however, that were 
really not so rosy. Pointing out our dependence 
on foreign trade, Lord Salisbury said that 
although last year was a record for our export 
trade, yet we should not blink the fact that we 
lost ground to our competitors, chiefly Germany 
and Japan, and that our share of world exports 
of manufactures fell from 26 per cent. in 1950 
to about 21 per cent. in 1954. 

He went on to say that we must face the hard 
fact that there have been radical changes in the 
whole structure of industry as the result of 
advances in scientific invention and changes in 
overseas demand, and that the pattern of world 
trade is constantly changing as secondary 
industries develop abroad. As a result, the 
demand for U.K. exports is shifting more and 
more to specialised products where quality and 
special skills play a main part, and that involves 
a rapid adaptation for our industries which will 
be a severe test both to scientists and to indus- 
trialists. 

Lord Salisbury referred to the fact that, with 
some notable exceptions, we tended to lag 
behind our competitors in the speed with which 
we applied scientific knowledge. Because we led 
the world in the industrial revolution, much of 
our capital equipment is out of date and our 
relative rate of investment a good deal lower 
than in the U.S.A. He appealed to industry to 
make fuller use of suitably trained scientists in 
responsible positions so that they can be in daily 
touch with the problems of administration and 
salesmanship. 

Referring to the present shortage of scientific 
manpower, Lord Salisbury urged parents and 
schools to do their part in influencing boys to 
take up applied science and engineering as a 
career. At present the attraction of pure science 
is exceedingly strong; but there is no reason why 
engineering and technology should be regarded 
as the Cinderella, 
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BRITISH RAILWAYS AND THE 
LOCOMOTIVE BUILDERS 


An article on page 202 discusses the prospects of 
British builders of railway rolling stock and the 
likely impact on them of British Railways’ 
recently announced re-equipment proposals. 
The burning question of the moment relates to 
the amount of business the private locomotive 
industry is likely to gain from British Railways, 


particularly for complete locomotives, and how 
far railway workshops—which have so far 
supplied the bulk of the country’s needs—will 
be adapted to suit the decision to turn to Diesel 
and Diesel-electric traction. 

The basic question is not whether railway 
workshops can make the new types of locomo- 
tives—they already build shunters which they 
fit with Diesel-electric units’ purchased from 
outside and railcars into which are fitted pur- 
chased power and transmission units. The 
arguments against self-sufficiency, even if this 
relates only to mechanical parts, are strong. It 
is stated in the article that ‘“‘ The programme of 
British Railways, although amply justified by 
the need to provide adequate and profitable rail 
services, cannot be entirely in the public interest 
if it does not take account of the need to main- 
tain exports.” This, then, is the issue—in the 
process of modernising British Railways should 
the locomotive builders be provided with a home 
market which will enable them to benefit from 
the advantages of bulk production and thus be 
better able to compete overseas. There is, it 
would seem, little to be said against this point of 
view; competitive tenders can be obtained from 
several locomotive builders, and railway work- 
shops—for the most part in need of extensive 
re-equipment if they are to be in a position to 
undertake a major Diesel building programme— 
cannot easily claim a cost advantage. World 
markets for locomotives are highly competitive, 
and British builders will need all the advantages 
they can secure to maintain or improve their 
position. This is obvious. What is not so 
obvious is the advantage to British Railways in 
building their own locomotives; it may be 
substantial, but in any case it should be clearly 
formulated and expressed. 
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THE DECCA NAVIGATOR 


At the annual general meeting of the Decca 
Record Company, Limited, last week, the 
chairman, Sir Cyril F. Entwhistle, referred to 
the striking progress made in the Decca Navigator 
business during the past year, the number of 
fittings and contracts now covering equipment 
for more than 2,600 ships and aircraft. The 
decision of the Royal Swedish Navy to place 
a contract for a permanent navigational chain of 
transmitting stations in the area of Stockholm 
will extend the coverage from South Sweden into 
the Gulf of Bothnia, besides linking up with the 
Danish chain. In the previous year a French 
chain was erected covering shipping and air 
routes in the Bay of Biscay, and in 1954 work was 
in hand to extend the system to the Mediterranean 
area. A company has also been formed in 
Italy, jointly with French and Italian interests, 
with the object of developing the system there. 

Apart, however, from the use of the system as 
a permanent navigation aid for ships and air- 
craft, the company has received contracts for 
eleven special-purpose chains designed for hydro- 
graphic and aerial survey, oil exploration and 
other special projects. A chain is, for example, 
being set up by the Canadian Overseas Tele- 
communications Corporation for position fixing 
in connection with the laying of the new trans- 
atlantic telephone cable. 

In the aircraft field the system is in use on the 
Viscounts of British European Airways. During 
the past year a licence has been granted to the 
Bendix Aviation Corporation of Detroit, Michi- 
gan, to manufacture the equipment in the 
U.S.A., the interest of the American company 
having arisen primarily in connection with 
helicopter navigation. 

Decca Radar, Limited, also showed a con- 
siderable expansion during the year, equipment 
having been supplied in the five years of the 
company’s operation to 3,700 ships operated by 
870 shipowners. They have produced a new 
low-cost radar equipment suitable for vessels as 
small as 100 tons. Among interesting orders 
received during the year for airfield-control 
radar was one for the equipment of the new 
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control tower at London Airpo::, Radar 
equipment has also been installed or storm 
detection at Entebbe, Calcutta and KI 2rtoum, 


x kt 


LABOUR IN DEMANI 


A recent statement by the Ministry of Laboy 
on the employment situation in Gre t Britain 
makes it clear that the country’s labou: resourges 
are at full stretch. At the end of (954 only 
1-4 per cent. of all available employees wer 
without work. During the year the la our force 
of 22-7 million had increased by oniy 350,099 
(180,000 to the engineering and metal i: dustries), 

Since future increases must also be small jt 
seems pertinent to inquire where those industries 
at present undertaking major expansion scheme 
will find the extra labour. The expansion 
schemes in the engineering industry, and jn 
particular in motor-vehicles and durable cop. 
sumer goods, are likely to create the biggest 
problem. These industries are concentrated to 
a very large extent in the Midland and London 
areas, where unemployment is already very low 
(0-5 per cent. in the Midlands), and where 
competition for skilled and semi-skilled labour js 
especially keen. Labour might be attracted 
from other areas, but even in Scotland where 
unemployment is about 3 per cent. there is no 
large reserve. In any case, housing difficulties 
in the already densely populated areas where 
labour is required severely limit mobility. 

It is true that the large-scale investment in 
plant and machinery to be undertaken should 
increase productivity substantially, and that 
the extra demands on labour will be pro- 
portionately less (in 1954 although the working 
population rose by only 1-5 per cent., total 
output rose by something like 7 per cent), 
Nevertheless, outside the expanding industries 
productivity is not rising very rapidly, and 
within the expanding industries the level of 
Output aimed at is considerably more than can 
be achieved as a result of increased productivity 
from their present labour forces. There is thus 
a real danger that competition for the available 
labour will drive up wages. The expanding 
industries, with their high productivity, might 
well be able to afford increased wages but the 
consequences of a general rise in wages would 
be a very serious matter for the national economy. 
The emergence of an adverse balance of £73 
million in the foreign account last month is a 
timely reminder that increased production in 
the United Kingdom requires increased imports 
of raw materials which can be paid for only by 
expanding exports. This would be impossible 
with an inflated wages bill. It follows also that 
a high proportion of the increased output under 
the expansion programmes must be exported. 
Plans inspired mainly by the prospect of selling 
more to the home market may come to grief. 
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THE GENERAL ELECTRIC 
COMPANY 


The announcement last week that the General 
Electric Company, Limited, is to raise £10} 
million by internal issues of loan stock and ordin- 
ary shares draws attention to the continuing 
expansion of activity in the electrical engineering 
industry, and it has been suggested that similar 
issues may follow in the near future from 
Associated Electrical Industries, Limited, and the 
English Electric Company, Limited. The 
products of the G.E.C. cover practically every 
branch of electrical engineering including gener 
ation and transmission, electric traction, lighting 
and domestic appliances, as well as telecom: 
munications and an important range of instru- 
ments and electronic devices. ; 

At the company’s annual general meeting last 
September, the chairman stated that since 1947 
the company had been continually reinvesting 
savings in modernisation and expansion © 
manufacturing facilities (with perhaps greater 
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emphasis on the capital goods side) and had 
spent abot £14 million on plant and buildings. 
The comp :ny now anticipates a further expansion 
of business, and the £104 million is required for 
more factory extensions and for modernisation 
and re-equipment. The expansion during 1954, 
in sales of radio and television sets and of 
domestic appliances has already been noted in 
these columns but in longer terms the G.E.C. 
may well expect to derive greater benefit from 
expanding demand for capital equipment. The 
company has, for example, an important stake 
in the modernisation programme of the National 
Coal Board, both in the provision of winding 
gear and, through their subsidiary the Fraser and 
Chalmers Engineering Works, of coal-preparation 
machinery. They may also expect important 
orders in connection with the electrification 
programme for the railways. 

As regards new generating plant, the plans of 
the British Electricity Authority provide for the 
installation of nearly 10 million kW of new plant 
up to the end of 1959, an average of 2 million kW. 
per year. This compares with an average of 
about 1-4 million kW of new plant brought into 
commission in each of the last two years. Look- 
ing further ahead, G.E.C. engineers have been 
studying the application of atomic energy for 
the generation of electricity with the object of 
undertaking the design and construction of 
atomic power plants. The company has already 
developed processes for the extraction and 
concentration of uranium oxide, and has 
designed and built furnaces which produce 
metallic uranium. 
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EXTENDING THE LONDON 
TUBE 


Following hard upon the announcement of 
British Railways’ plan for modernisation, and 
of the Government’s own programme for road 
construction, London Transport (through the 
medium of a British Transport Commission 
Private Bill) are seeking enabling powers for the 
construction of the first stage of “‘ Route C,” 
anew tube railway for London. The proposed 
tube—it would be the first to be driven below 
Central London for more than 50 years—would 
reach 11 miles, from Victoria, through the West 
End to Oxford Circus, thence to Euston, King’s 
Cross and Finsbury Park and on out to Tottenham 
and Walthamstow. Apart from a short section 
at the Walthamstow end, the tube is to be at 
depths mainly between 45 ft. and 60 ft.; the 
intention is to provide 12-ft. diameter tunnels 
for the standard tube-type rolling stock. 

The new tube, which would make interchange 
connections with each of the existing London 
Transport routes at one or more points, will 
involve, apart from driving and lining the twin 
tunnels, the construction or reconstruction of 
13 stations. The works required, at three of 
the stations at least—Victoria, Oxford-circus 
and Euston—will be major engineering under- 
takings. A train depot, presumably at the 
Tottenham end, will be required as well as 
electrical power, lighting and signalling installa- 
tions. Rolling stock will have to be acquired 
sufficient to provide an initial service of 32 
trains an hour in the inner area and 16 trains 
an hour beyond that. Trains will be made up 
of seven cars in the peak hours, but stations will 
be planned so that eight-car trains could be 
Operated if required, and signalling provisions 
will be made so that a service of maximum 
density—-40 trains an hour—will be possible on 
the in-town section if found to be necessary. 
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PRE-BUDGET PLEAS 


The opinion is now widely held that the 
Chancel! »r will have something to give away in 
his next 3udget. Last April the reliefs granted 
by Mr. |'utler were few and it was thought at 
the time -hat he was probably waiting for the 
coming udget before reducing the burden of 
taxation. While there are plenty of arguments 


for doubting the wisdom of widespread tax 
reliefs, the fact that the economy has been 
operating under boom conditions since the last 
Budget naturally further heartens the optimists. 
It is of course true that selective reductions in 
specific categories are always open to a 
Chancellor. This year, however, it is felt that 
relaxations might be fairly widespread and the 
applicants for relief are now expressing their 
views. 

Within the last week the National Union of 
Manufacturers and the Engineering Industries 
Association have followed the Federation of 
British Industries in making representations to 
the Chancellor of the Exchequer. The F.B.I. 
holds the view, as last year, that the maximum 
incentive to be obtained for a given sacrifice of 
revenue is to give a substantial aggregate relief 
fairly balanced between indirect and direct taxes. 
It would like the standard rate of income tax to 
be reduced and further substantial reductions 
made in the general rates of purchase tax. The 
Federation has once again made a plea for chang- 
ing the law on death duties to avoid damaging 
private companies, and it continues to resist the 
profits tax, notably on the discrimination 
between distributed as compared with undis- 
tributed profits. It also has a series of recom- 
mendations to make on the depreciation of fixed 
assets and the valuation of stocks. The National 
Union of Manufacturers holds similar views, but 
adds a specific plea for reduction in the tax on 
hydro-carbon oils, which it claims are an 
additional burden on costs and prices. On fuel 
saving plant it considers that expenditure in this 
category is a special item serving both fuel 
economy and smoke abatement that should 
receive short-term encouragement by being 
allowed as a revenue expense in the year in 
which it is incurred. The Engineering Industries 
Association has made a special plea for modifying 
the legislation on the expense allowances of 
directors and senior employees, at present 
governed by the Finance Act, 1948. 

These suggestions to the Chancellor of the 
Exchequer for the alleviation of the burden of 
taxation are individually and collectively highly 
desirable, but Mr. Butler will have to be guided 
mainly by the burden of expenditure, a large cut 
in which is not likely. 


xk *k * 
SERVICING SMALL DIESELS 


The remarkable growth in the use of small 
Diesel engines, and the prospect of the further 
expansion of their use in light commercial vans 
and private cars, was commented upon in Weekly 
Survey of February 4. Since then, and to meet 
the probability of such an expansion, the Merlin 
Engineering Company, Limited, of Halifax, 
have introduced a range of maintenance equip- 
ment suitable in size and price for small garages 
likely to be looking after these engines. In 
particular, equipment will be available for servic- 
ing injection equipment, as well as a convenient 
universal vice that aids stripping of injectors, 
and apparatus for calibrating and proving 
injection pumps of small engines up to six 
cylinders. (It is hoped to publish a description 
of the latter equipment in the near future.) 

Simultaneously, the company are continuing 
the free instruction classes at their works and 
extending their fleet of demonstration vans in 
which all their equipment can be inspected under 
working conditions. 
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MACHINE TOOL SELECTION 


The problem of selecting a machine tool is a 
complex one, and involves much more than a 
consideration of the obvious factors such as 
initial cost, type and capacity. Mr. J. Hender- 
son, speaking to the Manchester Association of 
Engineers on ‘‘ Some Problems Associated with 
the Selection of Machine Tools for Heavy 
Engineering Production ’’ on February 4, said 
that the primary aim should be to eliminate the 
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conversion of raw material into swarf. Much 
can be done, in co-operation with the product 
designer, before the question of what machine 
to use is considered at all. 

Having simplified the product, the engineer 
responsible for decisions on machine tool pur- 
chase will still have many problems to solve. 
Capital cost is of obvious importance, and the 
engineer may not be his own master in this 
respect; limits of expenditure are usually set 
for him. Within these limits he can make his 
own choice, but he will be wise if he does so with 
the full co-operation of the designers of the 
product and the machine tool. On the basis of 
his knowledge of what has to be done, and the 
various ways of doing it, the engineer can pro- 
ceed, as Mr. Henderson does, to prepare a balance 
sheet of the proposal. It may appear at first sight 
as if there were nothing to choose between two 
or more possible methods, but the question often 
resolves itself quite surprisingly when the pros 
and cons are set down in detail. Prime cost, 
operating cost, output per unit of capital cost 
or of floor space, reliability, simplicity, accuracy, 
flexibility, will all be seen in proper perspective 
against a known background, and the choice is 
simplified. But if it is rendered easier it is not 
made automatically. There are some factors 
which cannot be measured so precisely. A 
machine may be chosen because it meets all the 
needs of the present and the immediate future. 
It is an expensive item, and a long life is expected 
of it, especially if it is a heavy tool. Products 
may change; will the machine still be suitable? 
There is no rule for answering this question. It 
is here that the engineer must be prepared to 
make some intelligent guesses. Perhaps it is as 
well that in the make-up of every good engineer 
there is a certain amount of intuition—one of 
the few things that cannot be taught but comes 
with experience. 

* * 


NEW COURSE AT M.L.T. 


For some years Massachusetts Institute of 
Technology has provided courses which combine 
technology with economics or business adminis- 
tration. It now has gone further and has 
established a course, qualifying for Bachelor 
of Science, in which students may combine 
studies in science or engineering with humanities 
and social sciences. 

The basic course will take four years. In the 
first year all students will be required to take a 
** core ’ subject, Foundations of Western Civilis- 
ation. In the second year they will take either 
The United States: Ideas and Men, or Modern 
Western Values, but in these two years there 
will also be classes in philosophy and social 
sciences, with emphasis on the viewpoints of 
social psychology, sociology, cultural anthropo- 
logy and philosophy. Students choosing the 
course will not only be required to take two 
years of calculus and two years of physics, but 
will do advanced work in technological subjects 
as well as in the humanities and social sciences. 
In the third year, students will specialise in the 
science or engineering of their choice and 
in the final year they will be required to do a 
project on a subject combining science or engin- 
eering with political science, philosophy or some 
similar subject. It is hoped that the course 
will be used not only by those going into the 
professions of science or engineering, but also 
as a preparation for law school, so that lawyers 
can have a background for dealing with the 
complex legal matters touching upon science 
which arise in industry to-day. 

It is impossible not to have doubts about the 
attainable standards of such an ambitious scheme 
and to wonder whether this is the best way of 
ensuring that those who are to hold responsible 
positions in society have a broad enough 
educational background. Will the student, who 
takes such a course, develop into a fully educated 
man or may he not become a dabbler in informa- 
tion? Against these doubts must be set the 
need to do something to break down the increas- 
ing specialisation which is threatening to destroy 
educational values. 
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THE COMET AND 


DESIGN AGAINST 


FATIGUE 


By Professor W. J. 


The accidents to two Comet I aircraft near Elba 
and Naples in 1954 and the recently published 
findings of the Court of Inquiry into these accidents 
have served to bring the subject of the fatigue of 
metals and its importance in relation to the safety 
of structures into great prominence. It is not the 
purpose of the present article to review in detail 
either the evidence presented at the Inquiry or the 
findings of the Court, although some reference 
to these will naturally be made. The aim is the 
broader one of attempting to formulate some of 
the important technical conclusions and questions 
which emerge and to review very briefly the subject 
of the fatigue of metals and its implications for 
engineering design.* 


THE COMET I AIR-LINER 


The de Havilland Comet I is the first jet- 
propelled air-liner. The attainment of fuel 
economy with jet propulsion requires that the 
cruising speed be high and the air density low, 
i.e., the cruising altitude must be high. The 
cruising altitude of the Comet I is, in fact, 
about 35,000 ft. where, in the standard atmos- 
phere, the pressure is 3-46 lb. per square inch. 

This pressure is much too low for life in 
air and is near the limit even with oxygen masks 
in use. Hence the designers of the Comet had 
to face the provision of a “‘ pressurised cabin ”’ 
and they decided that the minimum pressure 
should correspond to an altitude in the standard 
atmosphere of 8,000 ft., i.e., 10-92 Jb. per square 
inch. Thus, when the aircraft is cruising at 
35,000 ft. (and assuming that the atmospheric 
pressure agrees with that in the standard atmo- 
sphere, which must be true within a small margin 
of error) the pressure within the cabin exceeds 
that in the surrounding atmosphere by 74 Ib. 
per square inch. The pressurisation equipment 
is capable of maintaining the full cabin pressure 
to an altitude of 40,000 ft. where the excess of 
internal pressure is 8-25 lb. per square inch and 
the safety valves are set to blow at 8-5 lb. per 
square inch. 

This pressure differential, small as it is in 
comparison with ordinary boiler pressures, is 
yet large enough to impose severe stresses on the 
skin of the cabin, which must be very thin because 
of the need to keep the weight of an aircraft 
structure at a minimum. The pressure differen- 
tial for the Comet is substantially higher than 
for other existing air liners with pressure cabins 
on account of their lower cruising altitude. A 
fact which is relevant to the accidents is that the 
pressure cabin of the Comet is provided with 
numerous windows and two hatches or A.D.F. 
windows, accommodating direction-finding aerials 
which must not be shielded by the metal skin, 
in the roof. All these windows are square with 
rounded corners. 

After the accident to the Comet I aircraft 
G-ALYP near Elba on January 10, 1954, a 
committee was set up under the chairmanship 
of Mr. C. Abell of British Overseas Airways 
Corporation to consider what modifications 
were required before the resumption of passenger- 
carrying flights could be permitted. This “* Abell 
Committee,”” composed of representatives of 
B.O.A.C., the Air Registration Board and the 
de Havilland company, subjected the Comet I 
to a most minute scruciny. Some of the possible 
causes of the acciden: considered by the Com- 
mittee were (a) failure of the primary structure 
and, in particular, of the wings; (5) failure of 
the controls, by flutter or malfunctioning of 
the hydraulic operating system; (c) failure of 
the engines; (d) fire and explosion. 


* Editor’s note: Editorial comment on the Comet 
Inquiry Report appears on page 193. Reprints of 
Professor Duncan’s article are available, price 3s. 
post free, from The Publisher, *‘ ENGINEERING,”’ 35/36 
Bedford-street, Strand, London, W.C.2. 


Duncan, C.B.E., F.R.S. 


At this time it was appreciated that failure of 
the primary wing structure by fatigue was a 
hazard requiring serious consideration, but there 
was no suspicion that failure of the pressure cabin 
by fatigue under repeated application of the 
normal working pressure could occur. The 
Abell Committee made recommendations, which 
were adopted, to strengthen and improve the 
wing structure in relation to its resistance to 
fatigue, but it can be said that most of the recom- 
mendations were aimed at eliminating all risks 
of fire and explosion. After the modifications 
recommended by the Committee had been incor- 
porated in the aircraft, the Minister of Transport 
and Civil Aviation gave his permission for Comet 
aircraft to resume passenger services on March 
23, 1954, basing his decision on the recommenda- 
tions of the A.R.B. and of the Air Safety Board. 

On April 8, 1954, Comet G-ALYY crashed 
into the sea near Naples and B.O.A.C. at once 
suspended all Comet services. Soon after this 
the Minister of Supply instructed Sir Arnold 
Hall, Director of the Royal Aircraft Establish- 
ment, Farnborough, to devote the resources of 
his Establishment to the investigation of the 
Comet accidents on the highest priority. Mean- 
while active steps were being taken by the Chief 
Inspector of Accidents (Civil) and others to 
collect evidence about the accidents. 

Remarkably successful work was done by the 
Royal Navy in recovering wreckage of the first 
Comet from the sea bed near Elba but none of 
the wreckage of the second Comet could be 
recovered on account of the great depth of the 
sea where this aircraft fell. Another important 
line of inquiry was the medical examination of 
the bodies of the victims. Some of the con- 
clusions which emerged from this body of 
evidence were as follows: (a) There were no 
facts to support the suggestion of sabotage. 
(6) The medical examination of the bodies 
indicated that explosive decompression of the 
cabin had probably occurred. (c) Both accidents 
occurred when the aircraft were approaching the 
top of the climb after take-off, so the excess 
pressure in the cabin was approaching its 
maximum. 


REPEATED LOAD AND PRESSURE TESTS 


A consideration of items (5) and (c) suggested 
to Dr. P. B. Walker, Head of the Structures 
Department of the R.A.E., that failure by 
fatigue of the metal skin of the pressure cabin 
was a possibility which ought to be investigated. 
It was decided to subject the fuselage of Comet 
G-ALYU to a “ tank test ’” which was specially 
devised for the purpose. The fuselage was 
tested with the wings attached and protruding 
through the sides of the open-topped tank in 
which the fuselage was immersed, flexible rubber 
jointings being used to seal the openings round 
the wing roots. The fuselage itself and the tank 
were filled with water, the fuselage sealed and 
pumps arranged so that the pressure inside the 
fuselage could be varied as desired. 

The first point to be noted here is that, although 
the pressure in the water inside and outside the 
fuselage varies with depth, the pressure difference 
across the metal skin is constant. The second 
point is that the fuselage was not tested with air 
because of the great storage of energy in a 
gaseous compressed medium; there is at least 
one instance of great destruction of plant and 
buildings resulting from the bursting of a 
fuselage under test with compressed air. (The 
first de Havilland fuselage test was made with 
compressed air but the large number of sub- 
sequent tests for ultimate strength and reversals 
for fatigue testing were made in a water tank 
at Hatfield.) Arrangements were made to apply 
loads to the wings through jacks so as to 
simulate the loads occurring in flight when a 
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somewhat severe gust is encountered. as well 
as the normal wing load. 

The load system during one com lete 
cycle of pressurisation, which occupicd about 
five minutes, and represented one complete 
flight of about three hours duration, was as 
follows: (a) The normal aerodynamic \ ing load 
with representation of the undercarriage |oaq 
and the relief of this during take-off, togethe, 
with a corresponding representation of landing: 
(6) 25 cycles of alternating gust loading applied 
to the wings, the load corresponding ‘o an up 
or down gust of 10 ft. per second velocity when 
cruising. This particular gust strength and 
number of applications were chosen as represent. 
ative of average conditions in service and as 
being the most destructive to the structure op 
account of intensity and observed frequency of 
occurrence. (c) A cycle of pressurisation of 
the fuselage, the pressure difference rising from 
zero to 8-25 lb. per square inch and returning 
to zero. 

In addition, the cabin was Joaded to 11 Ib. per 
square inch once in every 1,000 cycles. This 
represented the “ proving test ” actually applied 
to the Comet cabins in service from time to 
time. Eventually, on June 24, a portion of the 
cabin wall about 8 ft. by 3 ft. was forced outwards: 
this portion included the forward escape hatch 
on the port side. Later examination showed a 
small fatigue crack in the skin at a rivet hole at 
the lower rear corner of the escape hatch frame 
and it was concluded that the failure of theskin 
began here. The final failure occurred during 
a “* proving test ” when the pressure had reached 
10-4 lb. per square inch. At this time the 
fuselage, which had been in actual flight service 
before being subjected to the tank test, had with- 
stood the equivalent of: 3,057 pressurised 
flights, 439 unpressurised flights, six proving 
tests at 11 lb. per square inch, and 9,000 total 
flying hours. 


PEAK STRESSES AT WINDOW CORNERS 


After this failure of the cabin had occurred, 
it was repaired and strain gauges were fitted 
near typical window corners. The maximum 
stresses at the edge of the skin were obtained by 
extrapolation of the observed readings and were 
as follows in the worst cases: 


Stress :— 
Loading Ib. per 
sq. in. 
8-25 lb. per square inch pressure .. 43,100 


Difference between loads in level 


flight and with aircraft on ground 650 
Gust of 10 ft. per second .. 1,950 
Total maximum 45,700 


The peak stress so obtained is about 70 per cent. 
of the ultimate stress (65,000 lb. per square inch) 
of the D.T.D. 546 alloy from which the skin was 
made. No allowance for rivet holes appears in 
this peak stress but none were, in fact, very 
close to the place where the peak stress was 
found. However, the greatest stress, as intensi- 
fied locally by the presence of rivet holes, may 
have been higher than 45,700 Ib. per square inch. 
The strain gauges used were inevitably much too 
long for obtaining the highly localised intense 
stresses near a rivet hole. It should be added 
that the de Havilland company do not altogether 
agree with these values of the stresses, but it is 
nevertheless clear that the greatest stresses 
near the corners of the windows under the normal 
cabin pressure are extremely high. 


WRECKAGE: FATIGUE INDICATIONS 


While the tank test was proceeding, wreckage 
of the Elba Comet continued to be raised from 
the sea bed and the recovered pieces were 
assembled at the R.A.E. on wooden skeleton 
frames in their proper relative positions, a task 
of great difficulty in view of their number and 
the small size of many of them. Expert examina- 
tion of the assembled wreckage strongly con- 
firmed the opinion that explosive disruption of 
the fuselage had occurred. Finally, on August 
12, 1954, a piece of skin from the roof of the 
fuselage was recovered from the sea and was 
received at the R.A.E. on August 31. This piece 
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contained the rear aerial direction-finding window 
in the top of the cabin and a crack with 
signs of fatigue was found at a rivet hole 
near the rear port corner of the window. A 
comprehensive series of unpressurised flight tests 
of a Comet I were also conducted at the R.A.E., 
the crew being provided with oxygen masks. 

A consideration of all the facts led the Director 
of the R.A.E. and his staff to the conclusion that 
the skin of the fuselage of the Elba Comet had 
failed by fatigue under repeated application of the 
gormal cabin pressure and that the initial failure 
had occurred either at the rear starboard or for- 
ward port corner of the rear A.D.F. window. 
This conclusion was accepted by the Court of 
Inquiry after careful consideration of all the 
evidence and various other possible causes of the 
failure of the fuselage, some of which are men- 
tioned below.* : 

A possible cause of the failure of the fuselage 
considered by the Court was over-pressurisation. 
This was dismissed because the safeguards against 
over-pressurisation are numerous and very 
thorough; moreover, the maximum pressure 
which the pressurising equipment is capable of 
providing when the aircraft is at high altitude is 
not greatly above the normal cabin pressure. 


REDUX BONDING EXONERATED 

A good deal of attention was given to the theory 
advanced by Mr. B. Jablonsky that the primary 
cause of the destruction of the fuselage was 
failure of the Redux adhesive used to attach 
the longitudinal stringers to the inner surface of 
the fuselage skin. Mr. Jablonsky believed that 
in the climb from ground level to the cruising 
altitude, the rapid drop of external temperature 
would result in the skin becoming much colder 
than the stringers and that a severe stress in the 
Redux joint would thus arise. He pointed out 
that the fall of temperature in the climb is 
specially great in the tropics and that the skin 
of the fuselage would become very hot when 
exposed to tropical sunlight while the aeroplane 
was stand‘ng on the airfield; he considered that 
the skin could become hot enough to do serious 
damage to the Redux jointing. In his view some 
of the stringers had become detached from the 
skin and failure of the skin had then occurred. 
The Court did not accept Mr. Jablonsky’s theory 
for the following reasons: (a) Examination of the 
wreckage of the Elba Comet entirely failed to 
reveal any evidence for failure of Redux joints 
having occurred before impact with the sea. 
(b) The stringers are attached to the skin by a 
very thin film of Redux, but are thermally insu- 
lated from the air in the cabin. In the opinion 
of the R.A.E. the temperature difference between 
skin and stringers would not be more than about 
10 deg. C. at the worst. (c) The temperatures 
reached on the ground in the tropics are not, in 
fact, high enough to weaken the Redux by a 
dangerous amount. (d) As a safeguard against 
peeling the stringers are riveted to the skin 
at their ends and at a number of intermediate 
points, 

In the opinion of the writer the investigation 
completely vindicated the Redux adhesive. 
He is also of the opinion that the use of Redux 
(or other adhesives of proved reliability) in 
Structural assembly is to be welcomed on the 
ground that this helps to eliminate the use of 
tivets, which are inevitably stress raisers. It is, 
however, quite essential that the whole process 
of glueing be very carefully controlled and that it 
should be carried out by an expert staff.+ It is no 
more than just to the de Havilland company to 
say that they are masters of this technique. 


DE HAVILLANDS’ PRESSURE TESTS 


Reference must now be made to the pressure 
lests of the Comet fuselage which were made by 


*A staicment on proposed future action by 
de Havillends was submitted to the Court of 
Inquiry. This statement was reported on page 716 of 
ENGINEERING, December 3, 1954. The proceedings 
of the Cou: t were reported in ENGINEERING, October 
9, Novemiver 5, 12, 19, 26, December 3, 1954. 

b Editor’. note: Bulletin No. 144 issued recently 

y Aero Research Ltd., Duxford, Cambridge, is 
tntitled ““S-atic Tests and Fatigue Tests on Redux- 
Bonded Bu t-up and Solid Light Alloy Spar Booms.”’ 


the de Havilland company, but the matter will 
not be discussed in great detail. The tests 
covered individual window assemblies and large 
sections of fuselage, but no complete fuselage. 
Since the windows of pressure cabins are recog- 
nised as both vulnerable and of great importance 
from the viewpoint of the safety of passengers 
and crew, the window assemblies were tested 
under a pressure of 82 lb. per square inch, i.e., 
about ten times the working pressure. The 
principal pressure tests were made on a section 
of the fuselage comprising approximately the 
forward half, and the rear end of this was closed 
by a specially provided bulkhead which does not 
exist in the aircraft. In early tests this specimen 
was subjected 2,000 times to a pressure a little 
above the working pressure p; the object was 
not the investigation of resistance to fatigue but 
the exploration of the general soundness of the 
structure and its ability to remain airtight in 
service. The same specimen was_ subjected 
about 30 times to pressures between p and 2p, 
while the designed ultimate pressure to be 
withstood by the whole cabin was 2:5p. Now 
the British Civil Airworthiness Requirements 
called for a “ proof” pressure of 14p, under 
which the cabin must show no sign of permanent 
deformation, and a “design” pressure of 2p, 
at which the material may reach its ultimate 
stress. Hence the de Havilland company 
exceeded the official requirements substantially. 
In July, 1953, when Comet I aircraft were 
already in service, de Havilland subjected the 
already-mentioned front fuselage to a repeated 
loading test aimed at proving its capacity to 
resist fatigue. After the working pressure p had 
been applied about 16,000 times, failure of the 
cabin skin occurred at the corner of a window. 
The specimen had withstood a total of 18,000 
applications of p together with about 30 applica- 
tions of higher pressures up to 2p. Since the 
cycle of pressurisation happens once per flight 
and the average time of a flight may be taken as 
three hours, the life of the fuselage appeared to 
be at least 54,000 hours. This figure is so large 
that de Havillands felt they had no reason to have 
any anxiety about failure of the cabin by fatigue. 
One of the problems arising in this investiga- 
tion is the reconcilement of the life of 18,000 
pressure cycles indicated by de Havillands’ tests 
with the life of about 3,000 cycles indicated by 
the tank test at the R.A.E. In the first place, 
the specimen used by de Havilland was not 
completely representative of the actual fuselage 
and the presence of the additional bulkhead in 
the specimen may have influenced the result. 
However, it seems probable that the main cause 
of the discrepancy is the early testing of the 
specimen under a load of about 2p which is 
certainly great enough to have caused an impor- 
tant amount of plastic deformation in the most 
highly stressed parts of the structure, with the 
result that the greatest stresses under subsequent 
applications of the load p were substantially 
reduced and the fatigue life correspondingly 
extended. It follows from the nature of the 
relation between stress and fatigue life that a 
fairly small fractional reduction of the stress may 
well yield a great extension of the fatigue life. 


SCATTER OF FATIGUE LIFE 


The other discrepancy is that between the 
3,000 cycles to failure in the tank test and the 
1,000 cycles actually sustained by G-ALYP when 
it crashed near Elba. In the opinion of the 
R.A.E. this can be explained by the “ scatter ” 
of the fatigue life of highly stressed structures. 
They consider that the life of an individual 
structure may lie anywhere between one-third 
and three times the average life and, if this is so, 
the lives of individuals may show a ratio up to 
9 to 1. The general problem presented here is 
further discussed later in this article. 

A brief reference must be made to the ‘* manu- 
facturing cracks ” which were found in parts of 
the fuselage of the Elba Comet. A great many 
questions and answers on this topic were heard 
at the Inquiry, but it was not proved that these 
cracks had played any part in causing the failure 
of the fuselage. It is, however, universally 
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agreed that cracks are most undesirable and the 
de Havilland company informed the Courtthat 
their manufacturing methods are now such that 
cracks will be avoided. A point of great relev- 
ance to the accidents is that manufacturing 
methods which sometimes lead to cracking are 
certainly such that parts of the structure will 
contain very severe “‘ locked-up ”’ stresses. 


CONCLUSIONS FROM INQUIRY 


In the opinion of the writer the main technical 
conclusions which emerge from the Inquiryare: 
(1) As regards the Comet I. 

(a) The accidents near Elba and Naples in 
1954 were caused by failure of the pressure cabin 
by fatigue under repeated application of the 
normal working pressure and other minor fluc- 
tuating loads. 

(b) The greatest stresses in the skin of the 
cabin under the working pressure were too high. 

(c) The windows were of a shape which caused 
severe intensification of stress near the corners. 
(2) General. 

(d) The range of variation of the fatigue lives 
of nominally identical highly stressed structures 
is very large. 

(e) Everything possible should be done to 
avoid severe stress intensification. 

(f) Manufacturing processes should be such 
that severe locked-up stresses are not left in the 
structure. 

(g) The fatigue life of a specimen may be 
greatly influenced by previous static loading, 
especially when this results in considerable 
plastic deformation of the metal. 

(A) Pressure cabins of aircraft must be sub- 
jected to tests which are adequate to establish 
their safe lives in relation to fatigue of the 
structure. 

Several of these topics are further discussed 
later in this article, 


FATIGUE OF METALS 


About a century ago mechanical engineers 
began to become aware of the fact that metal 
parts of machines were liable to fail under long- 
continued repeated loading when the greatest 
load applied was substantially smaller than the 
ultimate load, i.e., the static load causing failure 
in a_ single application. This phenomenon 
became known as the fatigue of metals and its 
great practical importance was gradually recog- 
nised by the engineering world, largely as the 
result of painful experience. An immense effort 
has been devoted to the study and exploration 
of fatigue by investigators in many countries 
and, although much has been learned, no 
satisfactory fundamental theory of fatigue, 
linking the phenomenon with the established 
laws of Nature has yet been put forward. 
However, the facts already established by 
experiment, when applied with good sense and 
understanding, do enable fatigue troubles to be 
avoided in a large proportion of cases. 

The number of variables influencing the fatigue 
properties of a given metal piece or structure is 
very great and we must begin by considering a 
very simple case. Suppose then that we have 
a set of test pieces accurately machined to given 
dimensions and made from the same metal, so 
that all the specimens are identical, so far as 
this is attainable in practice; we shall also assume 
that the surfaces are entirely free from blemishes 
and polished smooth. These specimens are 
tested under direct load and are so shaped that 
the stress is uniform in the region where it is 
greatest. 

The load applied to any specimen varies 
cyclically and may be specified by the greatest 
tensile load and the range of load in the cycle; 
there are many other ways of specifying the load 
as, for example, by mean load and amplitude 
of load fluctuation. Having chosen the greatest 
tensile load L and range of load R, we subject 
a number of specimens to repeated loading 
until fracture occurs, and record the number N 
of applications in each case. The results will 
inevitably show some degree of scatter but the 
arithmetical mean”of the observed{numbers of 
applications to failure may be accepted as the 
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value of N corresponding to the given values of 
Land R. 

A thorough investigation of the fatigue 
properties of the metal in pure tension (com- 
pressive load being regarded as negative tensile 
load) would require the determination of N for 
a series of values of each of the variables L and 
R, with L not exceeding the ultimate load. The 
great bulk of fatigue tests have been made with 
a purely alternating or reversing load for which 
R= 2L. 


We shall now consider in more detail the 
results of tests with alternating load ( R = 2 L) 
but the same description will apply to repeated 
loading without reversal (R = L) and to any 
case where the range is a fixed fraction r of the 
greatest load (R = r L), since the essential point 
is that the load is now specified completely by 
the single quantity L. For all materials the 
value of N increases as L falls. For some 
materials (e.g., steels) N tends to infinity as L 
tends downwards towards a value L,, called the 
fatigue limit, and no failure will occur under 
repeated loading, however prolonged, when L is 
less than L,. For some materials, however, 
including some aluminium alloys used in aircraft 
structures, the fatigue limit appears to be zero. 

It is usual to plot the results of fatigue tests as 
S/N curves, the ordinate S being the stress 
corresponding to the number of applications N 
at failure. There can be no objection to this 
provided that the stress at the test section is 
uniform. However, when the specimen tested 
is other than a simple test piece, the stress will 
not be uniform and the calculation of the stress 
will depend on hypotheses which may prove to 
be false in the conditions of the test; when 
plastic deformation occurs in a_ repeatedly 
loaded piece the stresses are quite unpredictable. 
Hence, in order that facts, not hypothetical 
conclusions, may be recorded, the ordinate 
should be the load L, not the stress S. Since 
a very large range of N has to be covered and 
the rapid changes of L occur when N is small, 
it is convenient to divide the base in proportion 
to log N. 


COMPOUND LOADING 


Hitherto, the discussion has been concerned 
with fatigue under a spatially uniform and 
simple stress. Turning to compound stress 
systems, the field of investigation is enormous 
and not much of it has yet been covered, but 
some of the results obtained by Gough, Pollard 
and Clenshaw* will be summarised here. These 
investigators subjected specimens of various 
steels and cast irons to fatigue tests in combined 
bending and torsion, the two loads being applied 
in phase with each other; the stress system was 
bi-axial, the third principal stress being zero. 
The loads of both kinds were repeatedly 
reversed, so the mean stress was zero, and the 
fatigue limits were obtained with various ratios 
of the flexural and torsional loads. It was 
found that the results obtained for steels on 
ungrooved specimens could be well represented 
by the relation 


i 

nto Betts ~ 
where b fatigue limit stress in pure bending 
and ¢ = fatigue limit stress in pure torsion and 


f and q are the flexural and torsional stresses at 
the fatigue limit when both were present. It 
will be seen that the relation (1) can be rep- 
resented graphically as an elliptic quadrant. 
For the cast irons and for the steels with 55-deg. 
grooves the results fitted the relation 


c.f (° z f(,_ 4 

ot ply +5 (2 ) 2 
which plots as an elliptic arc. It will be noted 
that (2) becomes identical with (1) when ? == 2, 


It is pointed out in the monograph that the 
relation (2) can be deduced from several distinct 


* “Some Experiments on the Resistance of Metals 
to Fatigue Under Combined Stresses.” Aeronautical 
Research Council Monograph, R. and M. 2522. 
H.M. Stationery Office, 1951. 


hypotheses regarding the criterion for failure 
under a bi-axial stress system. Little or nothing 
is known about fatigue under tri-axial stress 
systems but work is in progress. 

We may next consider in further detail how 
the fatigue limit depends on the mean load. 
The relationship can be put very generally in the 
non-dimensional form 


R M 
—— = d(—). : - @ 
| (G) ©) 

where M is the mean and U the ultimate load. 
while R, is the range of load at the fatigue limit 
when M is zero. Evidently the safe range R 
vanishes when M = U and we have accordingly 


$H=e6 ... . 
¢(0)=1 . ; . & 


since R = R, when M is zero. 

A simple relation which accords with the 
foregoing and of which special cases have been 
put forward by various investigators is 


Q+Gy-1 


Goodman took both indices as unity* but this 
yields pessimistic results, at least for ductile 
metals, while Gerber put m=1 and n =2. 
Gough et al. (loc. cit.) conducted experiments on 
specimens of a _ nickel-chromium-molybdenum- 
vanadium steel to British Standard S.65A, 
representative of an aircraft-engine steel, with an 
ultimate tensile strength of about 60 tons per 
square inch. The specimens were subjected to 
various combinations of alternating bending 
stress, static bending stress, alternating torsional 
stress, and static torsional stress. 

The results are not easy to summarise and the 
interested reader should therefore refer to the 
original Monograph, where references to other 
work are also given. However, the results were 
not found to fit closely with any of the simple 
relationships which were tried. Indeed, the 
authors express the opinion that no relation 
based on stresses (or loads) alone can be generally 
valid and that the stress-strain characteristics of 
the material enter significantly into the true rela- 


tion. 
CUMULATIVE DAMAGE? 


Hitherto the cycle of stress has been supposed 
constant throughout the life of the piece but 
this is far from being generally true in service 
and we must consider the conditions for failure 
when the piece is subject in succession to cycles 
of stress at different levels or of different natures. 
The simplest hypothesis which can be framed 
about the condition for failure is the ‘‘ cumulative 
damage rule” Suppose that the piece is first 
subjected to m, cycles of stress of such a nature 
that N, cycles would cause failure, then to nm, 
cycles of a stress for which the number of cycles 
to failure (on a previously unloaded specimen) 
is N,, and so on. Then, according to the rule, 
the condition for failure is 


nh No Ns 
—— aes ae 
N, tN, + N, + (7) 
This rule satisfies the condition that n, = N, 
when all the other loads are absent, but it is not 
the only one to do so. For example 


(ay + Gy + tay +... @ 


with the indices r,, re, rs, etc., any positive num- 
bers also satisfies this condition. It would 
follow from (7) and from the more general rela- 
tion (8) that the life under a given load is neces- 
sarily reduced by the previous application of any 
other load, and this is known to be untrue. So 
far as this is concerned, the cumulative damage 
rule errs on the side of pessimism. However 
it appears also that the rule may sometimes err 
on the side of optimism; consequently it must 
be regarded as unreliable. Nevertheless, it can 
be accepted as very roughly correct when the 
several stress levels concerned are not very 
different. 


Also 





* Goodman, who experimented on iron and steel, 


also took R, to be su. 
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SIZE EFFECT 


One of the unexplained phenomena >f fat; 
in metals is “ size effect.” It is foun that the 
fatigue strengths of geometrically sim lar gpeqj. 
mens of the same metal are not propc ‘tional to 
their cross-sectional areas; the safe < ress fajjs 
as the linear dimensions increase. “he metal 
itself has several inherent linear c mensions 
which might conceivably be signifant, fo; 
example, the average diameter of the crystal 
grains, the size of the crystal lattice itse: or some 
linear dimension associated with tne _ inter. 
crystalline material. The point of practical 
importance is that specimens used in fatigue 
tests should have dimensions as nearly as possible 
the same as those of the actual stressed members, 

Temperature has an important influence on 
the fatigue-resisting properties of metals and each 
metal or alloy has its own characteristic behaviour. 
There is much experimental evidence that the 
frequency (cycles per minute) used in fatigue 
test of metals has a negligible influence on the 
life (measured in cycles) within the range of, 
say, 100 to 10,000. 


STRESS RAISERS AND PLASTICITY 


It is only in very special and favourable circum. 
stances that the stress in a metal piece is uniform. 
Very often the integral of some component of 
the stress taken over a plane section of the piece 
is equal to some applied load, so the greatest 
value of the stress is at a minimum when the 
stress is uniform over the area. Anything 
which causes lack of uniformity of the stress 
must therefore increase the maximum stress, 
We shall apply the term “stress raiser” to 
anything which causes the greatest stress to 
exceed the least value possible in accordance 
with statical principles in the particular circum- 
stances. 

It will be helpful and instructive to consider 
here in some detail a particular instance of a 
stress raiser. Let us suppose we have a uniform 
strip of homogeneous and isotropic elastic 
material with a uniform uniaxial tensile stress f 
in a direction parallel to the edges of the strip and 
let us examine what happens when a circular hole 
is drilled through the strip at right angles to the 
surface; we shall suppose that the ratio of the 
diameter of the hole to the width of the strip is 
very small. Then theory shows (and experiment 
confirms, subject to the elastic limit of the 
material not being exceeded) that the tensile 
stress on a plane section through the axis of the 
hole and perpendicular to the axis of the strip 
is not uniform; the greatest tensile stress on 
this plane occurs at the surface of the hole and 
is equal to 3f, and this is, in fact, the highest 
stress in the strip. 

What has happened is that the hole has caused 
the stress on the normal plane to be redistributed 
in such a way that it is increased near the hole 
while the integral of the stress taken over the 
area of the section is unaltered. This has led 
to the use of the expression “ stress concen- 
tration ” which is, however, not very appropriate 
since it is by no means true that the stress !s 
concentrated at the hole. The inappropriateness 
of this term becomes even more evident when 
the load system is less simple. Let us now 
superpose on the tensile field a system of shearing 
stresses on planes parallel and normal to the 
edges of the strip. Then the integral of the tensile 
stress on the normal plane through the hole is 
unaffected but the greatest tensile stress, which 
still occurs at the surface of the hole, is not found 
on the normal plane at all. On account of its 
false implications we shall not use the expression 
“stress concentration” and shall speak of 
““ stress intensification ’’ by holes, etc. 

The stress intensification produced by a hole 
depends greatly on its shape. Inglis* obtained a 
solution for an elliptic hole in a plate in tension. 
Let the axis of length a be parallel to the tension 
and the axis of length b perpendicular to It. 
Then the greatest stress occurs at the ends of the 


* “Stresses in a Plate due to the Presence of 
Cracks and Sharp Corners,” by C. E. Inglis = 
Inst. Naval Architects, vol. LV, Part 1, page 21 
(1913). 
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transverse “<is; it is tensile and of magnitude 
26 
f max. =f(1 +=) a 


where f is tie tensile stress in the absence of the 
hole. The part of the transverse axis where the 
tensile stress 1S appreciably increased is small 
and is comparable in length with the other axis 
of the hole. At the ends of the axis which is 

rallel to the tension the stress at the surface 
of the hole is compressive and of magnitude f. 
The point of special interest is that the greatest 
tensile stress becomes very large when the axis 
ratio b:a is large. In the limit when the 
ellipse degenerates into a line we have, in effect, 
a finite straight crack; the ratio b:a and the 
stress are then both infinite. Hence a sharp- 
ended crack at right angles to the tension is the 
most effective of all stress raisers. Other stress 
raisers are internal or concave corners and 
notches which become more effective (i.e., 
detrimental) as the radius of curvature at the 
root is reduced. However, some degree of stress 
intensification inevitably occurs whenever the 
joaded member is other than uniform, (unless 
the load varies and the section of a very slender 
member varies in proportion). It is part of 
every code of good practice in engineering 
that such things as keyways, splines and collars 
or shoulders on shafts should be provided with 
fillets of adequate radius. 

In the foregoing it has been supposed that the 
elastic limit of the material is not exceeded in 
the regions of greatest stress. However, when 
the elastic limit is reached, plastic deformation of 
the metal occurs and the resulting stretch relieves 
the stress where it is highest while increasing it 
in adjacent regions. Thus the stress becomes 
more uniform and the stress intensification is 
reduced. Calculations* have shown that a very 
slight amount of plastic deformation in a very 
small region is enough to bring a substantial 
amount of stress relief. It also follows from 
this that the effective stress-intensification factor 
decreases as the load in the member increases. 
Thus, for sufficiently small loads the factor has 
its full value as given by the theory of elastic 
solids but for high loads it will be smaller and 
perhaps very substantially smaller. Another 
obvious consequence of the plastic flow is that 
the stresses do not return to zero when the load 
is temoved, i.e., the member contains “* locked-up 
stresses,” 

The occurrence of plastic deformation in a 
member having stress raisers will influence its 
behaviour under repeated loading and may 
increase the fatigue life to a very important extent, 
on account of the stress relief already mentioned. 
This has been demonstrated by tests, for example, 
on riveted joints. It is certain that a great 
many machine parts and structures owe their 
continued existence to plastic deformation in 
regions of high stress. In as much as the stress 
relief is zero when the elastic limit is not exceeded 
and increases thereafter with the load, it follows 
that the influence of plasticity in increasing the 
fatigue limit or life will be increasingly important 
as the load increases, at any rate when judged 
On a percentage basis. The total fatigue life 
of a very heavily-loaded member may be so 
short / the absolute increase due to plasticity 
is small, 


DESIGN AGAINST FATIGUE 


The design problem takes on different aspects 
according to whether the material has or has not 
a definite fatigue limit. For a material like steel 
Which possesses a finite fatigue limit the aim 
will normally be to design for an indefinitely 
extended life and this will be achieved when the 
greatest stress does not exceed the fatigue limit 
appropriate to the particular circumstances of 
loading. But for materials such as some 
aluminium alloys which do not possess a fatigue 
limit, the problem is to design for a specified safe 
life. This is a matter of great difficulty, especi- 
ally for co.nplex structures. However, there are 
Procedure: which are beneficial in either case 

* See, fo example, Southwell’s Thomas Hawksley 


Lecture for 953, The Chartered Mechanical Engineer, 
ebruary, | 154, page 61. 


and we shall begin by considering them. Al- 
though this section has been called ‘“ Design 
Against Fatigue”’ we shall also mention pro- 
cedures and precautions to be used in manufac- 
ture and assembly. Some of the main principles 
may be summarised as follows: 

a ©) The general stress level must not be too 

igh. 

(5) Where the shapes of parts are optional 
they should be chosen with a view to minimising 
the stress. 

(c) Use should be made of any device which 
reduces the range of stress variation without 
raising the maximum stress. A slight raising of 
the maximum may even be acceptable provided 
that it is accompanied by a substantial reduction 
of range. 

(d) Stress raisers must be avoided as far as 
possible and severe stress raisers in highly stressed 
regions must be totally avoided. Special atten- 
tion must be given to surfaces. 

(e) Everything possible must be done to 
prevent the development of cracks during manu- 
facture and there must be an efficient procedure 
of inspection and crack detection. Furthermore, 
manufacturing methods: should be such that 
severe locked-up stresses are avoided. 


CUT-OUTS IN PRESSURE VESSELS 


The shape of a window or cut-out in the shell 
of a cylindrical pressure vessel will serve as an 
illustration of principle (6) mentioned above, and 
is very relevant to the Comet. It is possible to 
choose the shape of the cut-out so that, when 
provided with a suitable reinforcing ring, the 
stress intensification will be small. A good shape 
is that of the natural catenary under the stress 
system in the shell; this is the same curve as the 
arch which would sustain the thrusts if the stresses 
were changed from tensile to compressive. It 
was shown by Rankine in his Applied Mechanics* 
that when there are tension fields of intensity f 
and c*f in perpendicular directions the catenary 
is an ellipse whose axes are in the ratiol:c. In 
the shell of a pressure vessel the circumferential 
tensile stress is twice the longitudinal stress, so 
here c? = 2. Thus the proper catenary is an 
ellipse whose circumferential axis is ~/2 times 
the longitudinal axis. It is evident that the 
original design of manholes in boiler shells was 
guided by this result for such manholes are 
elliptic and have their axes very nearly in the 
correct ratio—almost exactly correct for a man- 
hole 154 in. by 11 in. It might be supposed that 
such an elliptic window with a properly pro- 
portioned reinforcing ring would provide a 
perfect solution to the problem, but this is not 
so. Detailed analysis shows that the strains 
(and elastic displacements) in the shell with an 
unmodified stress system are incompatible with 
those in the elliptic ring in tension,t so some 
stress distortion and intensification must occur. 
However, this is not so severe as with a square 
window, even with rounded corners. 


PRE-TENSIONED BOLTS 


The importance of principle (c) has been 
emphasised by Mr. W. A. P. Fisher of the R.A.E. 
and we shall illustrate it by considering the 
particular instance of the main bearing bolts of 
a vertical reciprocating engine with the crank- 
shaft beneath the cylinders. Let us suppose 
that the nuts are tightened to such an extent that 
there is pressure between the upper and lower 
halves of the bearing even when the upward 
force exerted by the journal on the bearing is at 
a maximum. Then the whole bearing assembly 
behaves as an elastic unit whose stiffness is much 
greater than that of the bolts alone. Hence the 
range of load in the bolts during a cycle of 
engine operation is much less than if the assembly 
had been loose enough for the bolts to become 


* Article 180, page 184. (The copy available to 
me is of the Sth edition, dated 1869.) 

+ For a spherical shell under pressure the per- 
pendicular tensions are of equal intensity. Here a 
circular window with a properly proportioned 
uniform reinforcing ring is a theoretically perfect 
solution to the problem. Even here, stress intensifi- 
cation by rivets may be present. 
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unloaded during the cycle. If the nuts could be 
adjusted so that the minimum pressure between 
the halves of the bearing was exactly zero, the 
greatest load on the bolts would be no greater 
than with loose assembly and the reduced stress 
range in the bolts would be gained without any 
increase of the maximum stress. Even were this 
ideal not exactly attained the fatigue life of the 
bolts would be substantially increased by their 
pre-tensioning. 

We have already said a good deal about 
stress raisers and we shall confine our remarks 
under heading (d) to considering surface condi- 
tions. These are of very great importance 
since the stress in a metal piece is usually at a 
maximum somewhere on the surface. It has 
been amply demonstrated that the fatigue- 
resisting properties of a member are improved 
when the surface is smooth and highly polished. 
Since gross cracks and other surface defects will 
easily be detected and the affected parts rejected, 
the chief danger arises from minute hair cracks. 
Various means, magnetic and otherwise, have 
been devised for the detection of such cracks 
but will not be further discussed here. However, 
the bad effect of a crack will be abolished if the 
metal where it exists is never in tension across 
the crack. This has led to the adoption of 
various methods by which the metal is put into 
a state of initial compressive stress at the surface 
when unloaded, depending on subjecting the 
metal to loads which cause plastic deformation 
of the desired kind. 

One of the methods used for the surface- 
compression of steel articles is ‘‘ shot peening,” 
i.e, bombardment of the surface with shot; 
this causes plastic extension of the surface layer 
which is consequently left in a state of com- 
pression, whereas the metal further in is left in 
tension. Clearly, this process must be carefully 
controlled or more harm than good will result; 
moreover, it is not successful with all metals. 
The converse of what has just been said is that 
any process which puts the surface layers into a 
state of initial tensile stress is very detrimental 
as regards fatigue. Some processes of electro- 
plating (in particular, chromium plating) are very 
objectionable from this point of view. Further, 
anything which weakens the surface layer, such 
as decarburisation of a steel, has a bad effect on 
the fatigue life. 

Preliminary overloading may be advantageous 
by causing plastic deformation of a helpful 
kind, but should only be used after thorough 
investigation of the particular problem. For 
metals having a fatigue limit, the preliminary 
application of repeated stresses just smaller 
than this limit may be helpful. 


SAFE LIFE: SAFETY MARGINS 


We now come to the most difficult problem of 
all, namely, design of a piece or structure for a 
given safe life under repeated stress. This arises 
when limitations on weight do not allow for 
designing for an unlimited life and always when 
the metal used has no finite fatigue limit, Suppose 
for the sake of argument (what is not often true 
in practice) that the fatigue properties of the 
metal are known, so that its fatigue life in cycles 
of loading is known for any load system of the 
kind actually occurring. Then the life may be 
estimated for any load if the greatest stresses 
caused by this load are known. However, the 
theory of elastic solids will be of little, if any, 
value here when the stress level is such that 
plastic deformation occurs. It then becomes 
necessary to make experiments on components 
or on the whole machine or structure. These 
experiments are of two principal kinds : (a) mea- 
surements of stress under static loads, (b) fatigue 
tests. 

Nowadays stress measurements are often 
made with strain gauges attached to the surface 
of the piece under test at the place where the stress 
is to be measured. Strain gauges, while much 
more reliable than they were some years ago, 
inevitably have the following limitations: (1) The 
gauge has a finite and not extremely small length. 
The indicated strain is an average value over the 
length of the gauge. Strain gauges, as at 
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present used, are therefore quite unsuitable for 
stress measurement near small holes, rivets, etc. 
(2) They measure strain, not stress and it may 
not be possible to deduce the stress from the 
strain when plastic deformation occurs. (3) They 
do not reveal any initial or “‘ locked-up ” stresses 
which exist before the load is applied. 

No prediction of fatigue life, unbacked by 
experimental determinations of that life, can 
command much confidence. When such an 
estimate is used it is plainly necessary that a 
large margin of safety be allowed. 

The fatigue lives of simple test pieces of a given 
metal under precisely controlled conditions of 
loading show some scatter, and the scatter of 
the fatigue lives of complex structures is greater. 
When considering the Comet aircraft we re- 
corded the opinion of the R.A.E. that a total 
range of variation of life in the ratio 9 to 1 
is to be expected and, in the present state of 
comparative ignorance, it would be rash to 
assume that this ratio cannot be exceeded. 
Some of the causes of the variation of fatigue 
lives of structures are: 

(a) Variations of linear dimensions. There are 
two typical cases: (1) variations of the thickness 
of metal sheet within prescribed tolerances, 
not usually very important; (2) variations of the 
position of stress raisers, such as holes and rivets, 
particularly in relation to the boundaries of the 
structure. This may be important. 

(6) Variations of the physical properties of the 
metal before subjection to processes of manufac- 
ture. 

(c) Variations of the locked-up stresses caused 
by manufacturing processes. 

(d) Occurrence and variation of the position 
of hair cracks. 

(e) Variations of the characteristics of the 
load system, even when these are nominally 
invariable. 

Many of the above causes of scatter can be 
reduced, if not eliminated, by careful control of 
manufacturing processes and by rigidly enforced 
inspection. 

Let us begin with the case where it is 
impracticable to determine experimentally the 
fatigue life of even one specimen of the complete 
structure. It may still be possible to make 
fatigue tests of components under more or less 
realistic conditions and this should be done where 
appropriate. However, at the worst we may 
be driven to making a theoretical estimate of the 
fatigue life based only on a knowledge of the 
fatigue-resisting properties of the metal and of 
the stress system in the structure. The question 
then arises as to the soundest method for 
providing a safety margin. It is tentatively 
suggested that this is as follows : 

(1) The greatest estimated stress should be 
multiplied by a factor of stress ignorance which 
is greater than unity. This factor is intended 
to cover such things as locked-up stresses¥set 
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up during manufacture and ignorance of the 
fatigue life under the full complexity of the stress 
system. 

(2) The estimated life, based on the stress as 
increased in proportion to the factor of stress 
ignorance, is divided by a life safety factor in 
order to obtain the estimated safe life. 

The values of these factors would have to be 
fixed by experience and by a consideration of 
the seriousness of the consequences of failure 
in service, the probability of the detection of 
incipient failure at a stage sufficiently in advance 
of complete failure and other things. 

Finally, we have to consider the case where 
complete reliance is placed on determination of 
the fatigue lives of specimens of the structure. 
It is suggested that the load used in the fatigue 
tests should not be just the expected load in 
service but an augmented load obtained by 
multiplying the expected load by a factor of 
ignorance exceeding unity. This factor would 
cover, not only any ignorance of the loads in 
service, but other unknowns such as variations 
in the locked-up stresses in the structure. The 
mean life of the specimens tested cannot be 
assumed to be the mean life of the whole 
“universe ’’ of structures and a large number of 
tests would be needed to establish this true 
mean life with anything like precision. Hence 
the safe life is to be obtained from the observed 
mean life by division by a safety factor which 
may be as large as 10. In the opinion of the 
writer it is undesirable to rely solely on the 
results of fatigue tests without supporting 
investigations of the stresses in the structure. 


RESEARCH AND THE FUTURE 


The fundamental physics of the fatigue of 
metals has not been discussed in this article but 
this certainly does not indicate the belief that 
research into such fundamentals is unimportant. 
On the contrary, the writer considers that 
research on the fundamentals of fatigue is of 
great importance though he recognises that it 
may be long before results of immediate practical 
value are forthcoming. At the moment, it seems 
that the most urgent need is to accumulate more 
experimental evidence on the fatigue lives of 
structures and of structural elements containing 
stress raisers. 
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ELECTRO-THERMAL STORAGE 
Possible Exploitation of Latent Heat 


Sir, I have followed with some interest the dis- 
cussions on electro-thermal storage that have 
appeared recently in the technical Press and I 
noted the reference in your Weekly Survey to 
the original articles by Dr. Sims and myself. 

Though my own, work since leaving the 
University has been in an entirely different elec- 
trical sphere I have maintained my belief that 
there would be a field for electro-thermal storage 
in this country. The revived interest in these 
devices shown after a lapse of nearly 25 years 
seems to be justifying this belief. The point I 
would like to stress is that at Birmingham 
University after improving the performance of 
an existing foreign-made thermal storage heater, 
we examined the very attractive possibility of 
thermal storage at constant temperature making 
use of latent, rather than, specific heat. 


Unfortunately all our efforts to this end were 
frustrated by the fact that substances having 
appreciable latent heat at satisfactory working 
temperatures appear to possess poor thermal 
conductivity in the solid state. If an answer 
could be found to this problem we should find 
that thermal storage would displace most of the 
daytime electrical heating with considerable 
improvement in the load factor of our electricity 
supply. 

Yours faithfully, 
K. R. STURLEY. 
The British Broadcasting Corporation, 
Engineering Training Department, 
Wood Norton, Evesham, 
Worcestershire. 


February 11, 1955. 
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PERSONAL 


Sir CLAupDE D. Gres, C.B.E., D.Sc., } i.I.MechF 
F.R.S., is to be the first chairman of Sir Howarj 
Grubb, Parsons & Co. Ltd., an entirely ‘1de 
and autonomous company which it has ben decided 
to create. Mr. George M. Sisson, O.B.=., M.A. jg 
to be the first managing director and thet! ird director 
will be Mr. Deryck Walton, who willalso be secretary 
Previously C. A. Parsons & Co. Ltd., New astle-upon. 
Tyne, were the proprietors of Sir Howard Grubb 
Parsons & Co. . 

Sir JaMes REID YOUNG has joined tie board of 
Borg-Warner Ltd., Letchworth, Hertfordshire, 

CoLoneL G. W. Rasy, C.B.E., M.I.Meche 
M.B.LR.E., has been appointed deputy directo, 
(engineering) to the research group of the United 
Kingdom Atomic Energy Authority, at Harwell 
He will take up his appointment in April. F 

Mr. G. N. VANSITTART has been elected chairman 
of the board of Vauxhall Motors Litd., Luton, 
Bedfordshire, in succession to SiR CHARLES BARTLETT 
who retired on December 31, 1954. Mr. F. V. 
BaRKER, factory manager, has also been elected to 
the board. 

Mr. H. G. Conway, M.A., F.R.Ae.S., M.I.MechE, 
has been appointed a director of Short Bros, 4 
Harland Ltd., Belfast. 


Mr. LesTER J. BRAIN, A.F.C., chief executive offi. 
cer of the Trans-Australia Airlines organisation since 
its formation in 1946, has accepted the position of 
managing director of de Havilland Aircraft Pro. 
prietary Ltd., Australia. He will relinquish his 
air-line post to take up his new duties at Bankstown, 
Sydney, New South Wales, on March 17, filling the 
position vacated at the end of 1953 by Major Murray 
Jones, M.C., D.F.C., who continues as chairman, 

Mr. THOMAS BANCROFT, M.I.P.E., A.F.R.AeS., 
has been elected to the board of directors of Black- 
burn (Dumbarton) Ltd., following upon the retire- 
er of Mr. W. A. HARGREAVES for reasons of 
health. 


Mr. O. D. GwiLiiaM, A.R.T.C., A.M.I.Mech.E., 
A.M.I.B.F., has been appointed works manager of 
W. C. Holmes & Co. Ltd., engineers, Huddersfield, 

Mr. J. S. GERRARD has joined Metal and Pipeline 
Endurance Ltd., as senior engineer in charge of all 
corrosion-mitigation schemes. 

Mr. W. D. AKEsTER has been appointed sales 
director of Ransomes Sims & Jefferies, Ltd., Orwell 
Works, Ipswich. Mr. J. S. CANNING has been 
appointed home-sales manager. Mr. Canning, 
previously managing director of Ransomes Sims & 
Jefferies (Watford) Ltd., will retain his position on 
the board of that subsidiary company, being assisted 
by Mr. E. J. GARRoD as works manager and Mr. 
R. GRINDLEY, who has been appointed commercial 
manager. 

Mr. A. H. Curtis WELCH, A.C.LS., head of the 
new-works section, chief civil engineer’s department, 
Western Region, British Railways, has been made 
secretary of the Western Area Board. 


xk *k * 


COMMERCIAL 


A new contracting company, SUEZ CONTRACTORS 
(VEHICLES) LTp., has been formed by AsSOCIATED 
COMMERCIAL VEHICLES LtD., the AusTIN MOTOR 
Co. Ltp. and Rootes Motors Ltp., to maintain 
the vehicles, engineering plant and general stores at 
the base ordnance depot, the engineers’ stores depot 
and base workshops, in accordance with the Anglo- 
Egyptian Treaty, signed last October, whereby the 
Suez-Canal Base will be maintained eventually by 
civilians. The directors of the new company are. 
Mr. W. R. BLAcK, LorpD BRABAZON OF TARA, P.C., 
G.B.E., M.C., SiR LEONARD Lorp, K.B.E., MAJOR- 
GENERAL E. H. CLayTON, C.B., C.B.E., SiR WILLIAM 
Rootes, K.B.E., and Sir REGINALD Roores. MR. 
G. GRANT RICHARDS, O.B.E., A.M.I.Mech.E., has 
been made general manager and Vice Apmiral (S) 
SiR WiLLiAM McBripe, K.C.B., C.B.E., London 
manager and secretary of the company, offices for 
which will be shortly established at 96 Piccadilly, 
London, W.1. 


x * * 


OBITUARY 


We regret to record the death of: 

Mr. LAWRENCE COLLINGWOOD WILLIAMSON, C:B., 
R.C.N.C. (ret.), M.I.N.A., on February 7, at the 
age of 68. Mr. Williamson was a late deputy 
Director of Naval Construction at the Admiralty and 
retired in 1947, He was created a Companion of the 
Order of the Bath in 1946. 
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EIOKS RECEIVED 


Some of &” books noticed in the Books Received 





column ar: ‘elected for extended review in later issues 
of ENGINES ‘ING. 
De-ices: Pivots—Mo ts—Suspensi 
p. J. Geary. A Bibliographical Survey of 


Instrume:'t Parts, No. 1. British Scientific Instru- 

ment Rescarch Association, 20 Queen Anne-street, 

London, ‘\'.1. (10s. 6d.) 
This is the ‘rst of a series of surveys of the literature 
on functional units in instruments. The booklet 
comprises an illustrated technical introduction, 
followed by digests of 28 selected important publica- 
tions on the subject and a separate annotated list of 
references to texts of secondary importance, together 
with such indexes as are necessary to make the 
compilation easy to use. The period covered by the 
survey is from 1900 to date. 


Census of Distribution and Other Services, 1950. 
Vol. 111: Wholesale Trades. H.M. Stationery 
Office, Kingsway, London, W.C.2. (15s.) 

This volume deals with wholesale trading. Whole- 

salers buying and selling on their own account, 

including importers and exporters, and also agents, 
marketing boards and trading divisions of Government 
departments are covered. Suppliers of goods to 
retailers, and of raw materials, building materials, and 
industrial equipment to industry are shown with 
their location in all the main wholesaling centres. 

Details are given of the sales volume, number of 

employees, their wages, bonuses and commissions 

earned, the number of working proprietors, the cost 
of transport etc. 


Irrigation and Hydraulic Design. Vol. I: General 
Principles of Hydraulic Design. By SERGE 
LELIAVSKY. Chapman and Hall, Limited, 37 


Essex-street, London, W.C.2. (126s.) 

This volume contains the more general fundamentals 
of design work, in particular, concerning percolation 
in the granular foundations beneath hydraulic 
structures and in earthen banks, tail erosion in its 
various aspects, and hydraulic flow in canals and 
rivers, both uniform and non-uniform. The work 
will be completed in three volumes. Volume II 
will cover specific design methods and theory for 
irrigation works, and volume III will cover multiple- 
purpose hydraulic structures from the standpoints 
of design, execution and economics. 


Fumigation with Methyl Bromide under Gas-Proof 
Sheets. By W. BurRNS Brown. Pest Infestation 
Research Bulletin No. 1. Published for the 
Department of Scientific and Industrial Research 
by H.M. Stationery Office, Kingsway, London, 
W.C.2. (2s. 6d.) 

The physical and chemical properties of methyl 

bromide, the preparation of stacks for fumigation, 

and the training of operators are described in this 
booklet, which relates to the fumigation of large 
quantities of bagged and cased commodities. 

Sections deal with the handling of the fumigant, 

including transfer from large to small containers, 

the procedures and equipment for application, 
and methods of airing the stack after fumigation. 

Detailed specimen instructions to operators-in-charge 

are given, together with methods of determining the 

effectiveness of a fumigation. Pictures, diagrams 
and tables are used to supplement the text. 


Fundamentals of Transistors. By LeoNARD M. 
KRUGMAN. Chapman and Hall, Limited, 37 Essex- 
street, London, W.C.2. (21s.) 

This book is intended to serve the initial needs of 

engineering students and engineers who are con- 

fronted with transistors for the first time. For this 
reason, advanced physical and mathematical con- 
cepts have been purposely avoided. Aspects covered 
include the grounded base, grounded emitter and 
grounded collector transistors, transistor amplifiers 
and oscillators, and transistor high-frequency and 
Other applications. 


An Explaining and Pronouncing Dictionary of Scientific 
and Technical Words. By W. E. FLoop and 
MicHart West. Second edition. Longmans, 
Green and Company, Limited, 6 and 7 Clifford- 
Street, London, W.1. (12s. 6d.) 

This dictionary claims to explain to readers with 
little scientific knowledge a wide range of scientific 
terms of which some understanding is becoming 
increasing'y necessary. Some 10,000 terms are 
included 21d, where necessary, drawings or diagrams 
are includ:-d to illustrate the text. 


Kempe’s F xgineer’s Year-Book, 1955. In two volumes. 
6thed ion. Edited by C. E. PROCKTER under the 
directio. of B. W. PENDRED. Morgan Brothers 
(Publisi: rs), Limited, 28 Essex-street, London, 
W.C.2. (75s.) 


The majo changes in this edition include additional 


information on shell moulding in the chapter on 
Foundry Practice; on geared couplings in the chapter 
on Shafts and Couplings; and on preparing rolls 
in the chapter on Forging Hammers and Drop 
Forging Plant. Material has also been added to the 
chapters on Electronic Engineering, Explosives, and 
Flow Metering and Mechanical Testing. The index 
has also increased in size. 


Fluid Handling. Edited by E. MOoLtoy. 
Newnes, Limited, Tower House, Southampton- 
street, London, W.C.2. (21s.) 

This book contains information on industrial water 
treatment, metering of water, steam and gases, drying 
of gases, and principles of chemical pumping and 
types of pumps for handling fluids used in chemical 
processes. Methods of separation by centrifuges 
and filters are dealt with, and the subject of atomising 
of fluids, including details of numerous types of spray 
nozzles, is included. The final sections of the book 
are devoted to pipes, valves and jointing compounds 
and their applications. 
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BRITISH STANDARDS 


The following publications have been issued by the 
British Standards Institution. Copies are available 
from the Sales Department of the Institution, 2 Park- 
street, London, W.1, at the price given after each title. 


Low-Alloy Steel (for aircraft). (1s., post free.) 

A revision of specification S.94, covering 55-ton 
low-alloy steels, of a limiting ruling section of 24 in., 
for aircraft material has now been issued. The limits 
of the percentage composition of the steel are: 
carbon, 0-35 to 0-45; silicon, not more than 0-50; 
manganese, 1-2 to 1-5; nickel, 0-5 to 1-0; chromium, 
0-3 to 0-6; molybdenum, 0-15 to 0-25; and sulphur 
and phosphorus, not more than 0-050 per cent. The 
purpose of the revision, designated 28.94, has been 
to introduce a section covering the requirements for 
forgings, to satisfy the requirements of the aircraft 
industry. 


Screwdrivers (not including ratchet screwdrivers or 
screwdrivers and bits for recessed-head screws). 
(4s., post free.) 

A new Specification, B.S. 2559, dealing with screw- 
drivers, is intended to ensure the quality of a hand 
tool of fundamental importance both in industry 
and in the home. Apart from being another in the 
list of specifications for a large selection of hand tools, 
the present standard is one of four which, between 
them, will set out the requirements for good-quality 
screwdrivers of various basic types. It was not found 
practicable to give the dimensions and details of 
every type of screwdriver available but those included 
in the specification are considered to be the ones very 
generally used. 


Hard-Drawn Copper Conductors (for overhead power- 

transmission purposes). (3s., post free.) 
A third revision of B.S. 125 for hard-drawn copper 
conductors for overhead power-transmission pur- 
poses has recently been issued. The specification 
was first issued in October, 1924, and was last revised 
in February, 1947. Most of the provisions and 
details of the 1947 edition have been retained. The 
principal alterations are the adoption of the Centi- 
grade temperature scale, with a basic reference 
temperature of 20 deg. C., instead of the Fahrenheit 
scale with a basic temperature of 60 deg. F., and the 
introduction of revised values for the constant-mass 
temperature coefficient of resistance and coefficient 
of linear expansion. These are considered to be 
better representative values than those used in the 
1947 edition. In addition, the requirements of the 
tensile test have been altered. 


Recommendations for the Use of Bitumen Emulsion 
for Roads. (4s., post free.) 


A new standard, B.S. 2542, in which are set out 
recommendations for the use of bitumen emulsions 
for roads, has been prepared under the authority of 
the Road Engineering Industry Standards Com- 
mittee, to replace and extend B.S. 433 : 1931, which 
has been withdrawn. The standard covers the 
application and use of bitumen emulsion for prepar- 
ing and treating road surfaces carrying wheeled and 
foot traffic and also includes recommendations 
regarding contractual considerations and equip- 
ment. It does not cover the use of bitumen emulsion 
for such purposes as soil stabilisation and roofing 
work. The standard is divided into eight parts, the 
first of which deals with the general aspects of the 
use of bitumen emulsion. The remaining seven 
parts concern, respectively, surface dressing, grouting, 
retreading, premixing, mist spraying (or the applica- 
tion of the emulsion by means of fine sprays), fine 
tack coating and concrete curing. 
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TRADE PUBLICATIONS 


Copies of any of the following trade publications are 
obtainable from the addresses given, though distribution 
is sometimes restricted. 


Dairy Equipment. Foop MACHINERY ASSOCIATION, 
14 Suffolk-street, London, S.W.1. List of mem- 
bers of Dairy Engineers’ Association; illustrated 
section with brief descriptions of products made 
by members; all machinery for butter, milk, 
cheese and ice-cream processing; wrapping, 
bottling, canning, cooling, pasteurising, freezing, 
conveying, mixing, refrigerating and other types of 
machinery. Illustrated directory with classified 
index to products and services; key to index, 
table of contents and advice to inquirers in English, 
French, German and Spanish. Limited number of 
copies free to users of dairy machinery on applica- 
tion to Secretary of the Association. 


Rear-dump Trucks. JOHN BLACKWoop Hopce & 
Co., Lrp., 11 Berkeley-square, London, W.1. 
“Euclid” rear-dumping trucks with struck capacity 
of 20 cub. yd. (34 tons), model 4FFD. Driven 
by two 200-h.p. Cummins or two 190-h.p. General 
Motors Diesel engines. Illustrated specification 
sheet. A fleet of these machines has recently 
been acquired by George Wimpey & Co., Ltd., 
4 = on the open-coal site at Maesgwyn, South 

ales. 


Tidal Sluice Gates. IsMAILIA VALVE Co., 17 Victoria- 
street, London, S.W.1. Penstock valves, loco- 
motive-tank discharge and lever-stop valves, full- 
bore stop valves, as well as tidal sluice gates. 
Composite construction of galvanised fabricated 
steel with greenheart timber plate and brass bear- 
ings; or of cast iron. Clack valves have no hinge; 
plate carried on a cast arm resting on an inclined 
seat which provides a register. Illustrated booklet. 


Civil Engineering Methods. Hyster Co., P.O. 
Box 4318, Portland, Oregon. (United Kingdom 
agents, Fred Myers Tractor and Equipment Co., 
4 Tilney-street, London, W.1.) Field reports on 
operations involving the company’s plant, par- 
ticularly mechanical handling of materials such as 
pipes, timber, new concrete, etc. Illustrated 
leaflets. 


Concrete Facing Slabs. CEMENT AND CONCRETE 
ASSOCIATION, 52 Grosvenor-gardens, London, 
S.W.1. Pre-cast concrete facing slabs of various 
surface textures, colours and patterns. Illustrated 
booklet discussing manufacture, quality and use; 
many photographs reproduced depicting examples 
of completed works. 

Ball and Roller Bearings. THE HOFFMANN MANUFAC- 
TURING Co., Ltp., Chelmsford, Essex. Practical 
hints on the storing, mounting, lubricating, pro- 
tecting dismantling and replacement of Hoffmann 
ball and roller bearings. Card folder designed for 
display in workshop. 

Materials Handling Equipment. Brown, LENox & 
Co., Lrp., 157 Victoria-street, London, S.W.1. 
Automatic tongs for lifting boxes, barrels, engine 
blocks, ingot moulds, etc., manufactured under 
licence from the Heppenstall Co., Pittsburgh, 
Pa., U.S.A. _ Illustrated leaflet. 

Portable Wheatstone Bridge. CROYDON PRECISION 
INSTRUMENT Co., 116 Windmill-road, Croydon, 
Surrey. Measuring range from 0-01 ohm to 
1 megohm; completely self-contained, operated by 
two 9-volt dry batteries; overall accuracy + 0-1 
per cent. Illustrated leafiet. 

Non-Destructive Testing. A. E. CAWKELL, Electronic 
Engineers, 6-7 Victory Arcade, The Broadway, 
Southall, Middlesex. Instruments for the electro- 
dynamic testing of engineering materials, particu- 
larly concrete. Also underlying principles and 
methods. Descriptive booklet. 

Centrifugal Pumps. GOODENOUGH Pumps LTD., 
70/72 London-road, Twickenham, Middlesex. 
Automatic self-priming centrifugal pumps, petrol 
or Diesel-driven units from 4,000 to 60,000 gallons 
per hour. Portable or fixed types. Leaflet gives 
capacities and models available. 


Diesel Generating Sets. PorN & DuNwoopy, LTD., 
Union Works, Bear-gardens, London, S.E.1. 
“Uniporn” series of Diesel generating sets, 3 
to 10 kVA. (ENGINEERING, vol. 177, page 254, 
1954). Leaflets give descriptions. 

Soldering Iron. ENTHOVEN SOLDERS, LTpD., 89 
Upper Thames-street, London, E.C.4. ‘ Super- 
speed,” low voltage, lightweight soldering iron; 
100 watts. (ENGINEERING, vol. 178, page 120. 
1954). Leaflets giving details. 

Sine-Wave Alternators. A. ReyroLtte & Co., 
Lrp., Hebburn, Co. Durham. Holmes sine-wave 
alternator sets for testing and calibration. Range 
of sizes available. Illustrated pamphlet No. 783. 
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The Engineering Outlook—6 


LOCOMOTIVES AND ROLLING STOCK 


FATEFUL DECISIONS FOR BRITISH RAILWAYS AND 
THE PRIVATE BUILDERS 


The announcement of the modernisation and 
re-equipment programme of British Railways 
last month is something of a climacteric for 
builders of locomotives and rolling stock. It 
means not so much a change in the general line 
of development of rai! traction, as a great 
acceleration of trends which have been estab- 
lished for some time. In place of piecemeal 
investment in limited projects, which in sum 
have not greatly improved rail facilities, has been 
substituted a bold comprehensive programme to 
give a first-rate, truly economic transport service 
in 15 years’ time. 

The main criticisms which might be directed 
against the plan (described on page 102 of 
ENGINEERING, January 28) are that it is costly 
and precipitate. The cost, however, of £1,200 
million, if spread evenly over 15 years, would not 
mean too great a strain on the investment 
resources of the country, since it would be no 
more than 5 per cent. each year of the gross 
capital formation of the country. Its timing 
could, of course, have been better: it would 
obviously have come more conveniently in a 
slump than at the present period of peak pros- 
perity. Nevertheless, such a consideration must 
take second place to the urgent need to improve 
the standard and profitability of rail services— 
which the recent public inquiry and wages 
award did so much to emphasise. In fact, the 
return from the investment on the Commission’s 
admittedly very conservative estimate is little 
more than barely sufficient for profitable work- 
ing. Of the total estimated yield of £85 million, 
£40 million will be required for interest and 
redemption charges and £15 million for increased 
depreciation costs. This leaves only £30 million, 
most of which will be required to rectify the 
deficit of £25 million per annum which the 
railways are likely to have to face in the immediate 
future. 

Many of the proposals in the programme, far 
from being precipitate, are overdue—for example, 
the various measures designed to increase speeds 
on trunk routes and to secure better utilisation of 
physical assets such as the improvement of 
track and signalling. These include the extended 
use of colour-light signalling, track circuits, 
automatic train control, power-operated signal 
boxes, etc., estimated in total to cost £210 million. 
The fitting of continuous brakes on wagons, 
permitting greatly increased speeds, would be 
one of the most productive single measures; the 
increased profitability resulting from this and 
from improvements to wagons and marshalling 
yards, costing a total of £365 million, should be 
very considerable. The improvement to be 
expected from freight services in the programme 
is estimated at £60 million compared with 
£35 million for passenger services (from the 
total of which must be deducted £10 million for 
increased services common to both). 


ECLIPSE OF STEAM 


If the charge of precipitateness were to be 
upheld at all, it would have to be directed against 
the change from steam to Diesel, Diesel-electric 
and electric traction.. The policy of British 
railways in the past .ew years has been to intro- 
duce Diesel and Diesel-electric locomotives 
gradually. While admitting the advantages of 
Diesel traction, particularly for shunting opera- 
tions, some British railway engineers at least 
seem to be clearly of the opinion that the day 
of the steam locomotive is by no means over. 
It is not very long since British Railways went so 
far as to bring out new standard types of steam 
locomotive, and it may therefore seem somewhat 
surprising that they now propose shortly to end 
the building of new steam locomotives in their 


workshops. This does not, however, mean that 
effort has been wasted; steam locomotives may 
give useful service for as much as 40 years, but 
even so, a substantial part of the life of even the 
newer standard locomotives will have been 
exhausted by the time of the completion of the 
new plan, when there will still be many steam 
locomotives in use (there are at present some 
19,000 in service). 

To one school of thought it seemed likely and 
desirable that the steam locomotive should be 
retained for main-line service until it could be 
replaced by electric traction. The progress of 
electrification, however, must necessarily be 
fairly slow since it requires very heavy capital 
outlay. The projects to be undertaken are only 
a beginning—though fairly substantial—and will 
cost £125 million exclusive of the locomotives. 
They involve electrification of the main line from 
King’s Cross to Doncaster, Leeds and possibly 
York; and of the line from Euston to Birming- 
ham, Crewe, Liverpool and Manchester. The 
Commission feel that this is as large a pro- 
gramme as the available technical staff and elec- 
trical manufacturing industry are likely to be 
able to carry out, and they do not dismiss the 
possibility that it may have to be curtailed. 

Diesel traction is of course a permanent solution 
for many conditions where the high cost of 
electrification would not be justified; but for 
much of the main-line work British Railways 
regard it as ‘“‘ a half-way house to electrification.” 
Their decision to turn to Diesels on the proposed 
scale will affect not only the working of British 
Railways but the export market for steam loco- 
motives. To many railway engineers abroad, a 
main justification for steam has been its con- 
tinued use in the United Kingdom; its rejection 
is at least likely to raise some doubts in their 
minds about the wisdom of continuing to buy 
steam locomotives. The order books of the 
private British builders of steam locomotives— 
90 per cent. of whose output is for export—have 
already shrunk considerably. The outlook for 
exports of steam locomotives abroad is not, 
however, perhaps quite so black as it is often 
represented. There are some markets in which 
special considerations such as availability of fuel 
and greater robustness of the steam locomotive 
should ensure its continuing use for a very long 
time. In South Africa, for example, where the 
price of locomotive coal is only Ils. 6d. to 12s. 
per ton on the tender, it is not surprising that 
there have been very large orders for steam 
locomotives—some fitted with special condensing 
apparatus because of the shortage of water on 
the long desert runs. in South Africa, which 
accounted for about one-third of total British 
exports in 1954, there is also a considerable 
demand for Diesel locomotives, particularly from 
industrial users, as may be seen from Table I 
taken from the Trade and Navigation Accounts. 

In backward countries where skilled main- 
tenance workers are not available in large num- 
bers, steam locomotives are likely to be popular 
for a very long time. In India, where there are 
adequate indigenous coal supplies, the Govern- 
ment have now securely established the manu- 
facture of steam locomotives. The five-year 
technical aid agreement with the British Loco- 
motive Manufacturers Association, by which 
the latter were responsible for bringing into 
operation the workshops at Chittaranjan, expired 
at the end of 1954, although British locomotive 
manufacturers will undoubtedly continue to do 
important business in supplying components. 
The output of locomotives in 1954 at Chit- 
taranjan is understood to have been 87, which, 
making allowance for the fact that the W.G. type 
is somewhat larger than had been originally 
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projected, was well in line with the ; gramme 
and compared with an output of 54 | Omotives 
in 1953. Diesels are, however, also 2iNG used 
in India for some specialised applicat: )ns, The 
North British Locomotive Company, fi example 
has received an order for 20 Diese inydraylic 
locomotives of 600 brake horse-pow + for the 
new Kandla-Deesa line. 


COMPETITION FOR MARK. TS 


While it must be admitted that, in g neral the 
trend is unmistakably away from si.am, it is 
possible that the pendulum has swung .omewhat 
farther than the present situation warran’s. Orders 
for steam locomotives may perhaps b exPected 
to revive somewhat as engineers overseas begin 
to appreciate that the adoption of Dicsels on a 
large scale may raise difficult problems through 
the shortage of suitable maintenance staf 
Moreover, in many countries the rate at which 
Diesel traction can be adopted will be severely 
restricted by inadequate finance. Thus there js 
still scope for selling steam locomotives. 

It is true that severe foreign competition js 
being encountered everywhere. The extent of 
this is very evident in the tenders to a recent 
inquiry for 100 broad-gauge goods locomotives 
which the Foreign Operations Administration 
of the United States proposed to order for 
India. The lowest British bid was for £31,600 
per locomotive, which compared with one of 
£31,000 from Germany and another of just 
under £29,000 from Japan. The contract for 
half the locomotives was actually placed with a 
United States company whose tender was for 
£63,400 each. Orders for 25 locomotives were 
placed in Japan and orders for another 25 were 
placed with the North British Locomotive Com- 
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Fig. 1 British production of steam locomotives, 
which improved in 1954. 
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Fig. 2 Diesel-locomotive production also im- 
proved last year, particularly in the larger sizes. 
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me y after ih ’ had been offered the contract at motive Company and further orders for 800- 
ves he Japanese TICE. Such a price is naturally brake-horse-power locomotives were placed 
sed vneconomiC, ut in view of the state of the order towards the end of 1954. In Rhodesia, really 
he beak and th. present uncertainty about future large Diesels will be in service Shortly. At 
le, demand for ‘eam locomotives, the company present, 60 per cent. of the tractive power is 
lic considered advisable to accept. Japanese provided by steam Beyer-Garratt locomotives, 
the locomotive ‘uilders, in common with other but delivery is to be made this year of 23 Diesel- 
Japanese ex} orters of capital equipment, have _ electric locomotives of 2,000 brake horse-power 
padvanta; : of substantial subsidies, but they under construction by the English Electric 
a also favourably placed in other ways. The Company. No very definite statements have, 
the Government and Japanese Railways work in however, been made about the future of tractive 
is close co-operation with them, so that a satis- power in these territories. Whatever policy is 
lat factory flow and balance of orders between home adopted must take into account the need for a 
ers and export can be achieved. In the United link-up of the railway system of South, Central 
ed Kingdom, oi course, the private builders have and East Africa. So far, only limited progress 
gin not received regular or substantial orders from has been made in this direction. At a confer- 
la British Railways for many years. ; ence on railway standardisation last year, repre- 
gh British and German prices are generally fairly sentatives reached some agreement on details, 
ff. competitive and German order books for steam but some important matters of principle remain 
ich locomotives, like the British, are becoming fairly to be decided. ; 
ly jim. Nevertheless, the Germans in recent It will still be some time before reduced order 
is years have done reasonably well in some tradi- books begin to affect production of steam loco- 
tional British markets such as India and South motives. As may be seen from Fig. 1, total 
is Africa, and have also been successful in South output of steam locomotives, which had been 
of America. Currency difficulties there have, of depressed in 1953 due to shortage of steel plate, 
nt course, prevented the realisation of the full recovered somewhat in 1954. The private 
ves potential, and the Argentinians now propose to _ builders produced about 380 locomotives, a few 
on establish their own manufacturing industry. less than in 1952, but about 25 more than in 
for The Germans have thought it wise to co-operate, 1951. This compares with the post-war peak 
00 and the Krupps concern is reported to be output of 555 in 1949. The order book should 
of negotiating a contract to build a locomotive _ still ensure as high an output in the current year 
ASL assembly plant in Argentina, which will later be as in 1954; but thereafter the future is somewhat 
for transformed into a manufacturing plant. — less hopeful. 
La initial outlay will probably be about £1 million 
or ad will be + Reveal largely by payments received PRIVATE BUILDERS’ FUTURE 
ae from the export of Krupps steam and Diesel The private locomotive builders, of course, 
locomotives to Argentina. have been falling in with the changing trend by 
m- A market where the type of traction to be used increasing their output of Diesel and Diesel- 
infuture is of great importance to British builders electric locomotives (Fig. 2). The largest 
is that of Central and East Africa. There, the increase was in the output of the larger sizes, 
shortage of locomotives and rolling stock on the although this is still very small by United States 
railways of Central and East Africa has long standards. Output of locomotives of 275 brake 
been notorious and the railway systems are still horse-power and over was probably about 100 
far from meeting the needs of copper mines and_ in 1954, compared with about 40 in 1953 and 
other expanding industries. East African Rail- 20 in 1950. It has often been argued that 
ways have lately placed an order for 34 steam British manufacturers of Diesel locomotives are 
locomotives valued at £2 million with Beyer likely to be at such a disadvantage in competition 
Peacock and Company, Limited, but they have with United States manufacturers that they 
already adopted smaller Diesels for some opera- cannot hope to gain the same position in export 
tions. Diesel-hydraulic locomotives of 500 brake markets as they previously held for steam 
horsepower and 300 brake horse-power are locomotives. In the United States, the con- 
under construction with the North British Loco- version of the railways to Diesel traction is 
TABLE I.—Unitep KINGDOM ExporTs OF LOCOMOTIVES 
er Quantities (Tons) | Value (£1,000) 
- nn sainnnin fs imsgecee siemens ies 
: | 1952 | 1953 1954 | 1952 | 1953 | 1954 
- Complete Locomotives : | | 
oz .... | 45 | 22 491 | 18 7 334 
Union of South Africa A ee 6,544 | 15,055 697 | 1,928 6,259 
S, eo... --| 1,250 845 2:420 | 281 | 202 711 
india. ..| 7,496 4,366 | 2,230 1,992 1,205 565 
Ceylon . cl 184 ay 67 111 156 | 426 
Australia =|. --| 10,894 | 4,570 | 9,756 | 3,275 | 2,709 3,498 
Anglo-Egyptian Sudan 5 oe es 1,649 64 443 41 1 
Other Commonwealth countries and Irish | 
Republic sae he” ee al ee 6,757 6,314 1,721. | 1,966 2,676 
a re neem! (re 4,266 | 3,125 772, «| ~—s«1,933 1,303 
Angola aa 4 7 646 1 2 
a ‘fe oi % | 2 60 21 446 23 6 
| aa 922 300 912 602 | 196 768 
Gila lrsign coontries | 4,024 6,968 | 5,529 1,226 | 2,116 2,094 
. —- | Sate | T2990 «| 4335 4326 | 643s | 7.571 
- Total | 40,772 35,725 46,540 12,371 | 12,663 18,643 
TABLE II.—UnNrtTrep KINGDOM EXPORTS OF RAILCARS, CARRIAGES, WAGONS AND PARTS* 
| Quantities (Tons) Value (£1,000) 
| 1952 | 1953 1954 1952 | 1953 | 1954 
ys Railars 2,164 2,902 | 2,970 1,319 | 1,282 1,554 
Rail iag~s, complet | «£ ‘ | 8 2'678 
agons and ie Pager oc oA | 43961 71°80 | so'eli a | 7/590 7.079 
Parts for R ilwoy i, -* | 
‘ F (+ ao a a 87,662 | 53,833 5,036 | 6,326 | 4,127 
< — fcc: oo | gue | gee) gis | ae | ie 
— . ee “| 183773 24,869 | 19,257 5,530 | 7,563 6,319 
~ ae a a | ann 218,850 | 165,311 24,433 | 29,926 25,714 
Ss, ici 











* Including parts of locomotives. 
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nearly completed (although it is estimated that 
7,000 Diesel locomotives are still required to 
replace the remaining steam locomotives, which 
account for about a quarter of the total tractive 
power), and the United States builders may be 
expected to pay much more attention to world 
markets in the near future. As was emphasised 
in the productivity report of 1950, American 
manufacturers with their large home market can 
obviously achieve very considerable economies 
from bulk production, but the advantage held 
by British manufacturers of being able to build 
locomotives to every detail of their customers’ 
individual requirements is already proving to 
be even more important in export markets. 
A recent review of the British Productivity 
Council, “‘ Wheels of Progress,” makes it clear 
that British builders of Diesel locomotives have 
already raised productivity considerably by 
attention to such factors as the standardisation 
of components and increased use of mechanical 
handling, and that the further pursuit of 
economies in this way is limited mainly by 
customers abroad. 

Considerable re-organisation is taking place 
in the industry. The English Electric Company 
are negotiating to acquire the Vulcan Foundry 
and Robert Stephenson and Hawthorns, Limited, 
the steam locomotive builders with whom they 
have already been accustomed to co-operate for 
the manufacture of mechanical parts. English 
Electric have been making a standard shunter 
since 1933 to a design which, modified and 
improved throughout the years, was adopted by 
British Railways for their Diesel shunter pro- 
gramme. The Metropolitan-Vickers Electrical 
Company co-operate with Beyer Peacock and 
Company through a jointly-owned subsidiary. 
Metropolitan-Vickers, against keen foreign com- 
petition, obtained in 1954 an order from Coras 
Iompair Eireann for 94 Diesel-electric loco- 
motives of 1,200 and 550 brake horse-power, 
which represents the bulk of requirements in the 
Irish Diesel conversion programme. The North 
British Locomotive Company have often co- 
operated with the General Electric Company, 
although as Voith licensees they have specialised 
mainly in Diesel locomotives with hydraulic 
transmission. Following an agreement with 
Maschinenfabrik Augsberg-Nurnberg A.G., they 
are now setting up as builders of M.A.N. Diesel 
engines, ranging from 150 to 2,000 brake horse- 
power. 

Despite all the efforts which the private 
locomotive builders can make to strengthen, 
their position in world markets, their future 
depends to a large extent not upon themselves 
but upon decisions which must be made by 
British Railways. In the steam era they were 
severely handicapped by the lack of a home 
market; in the developing Diesel age they are 
unlikely to be able to achieve a level of exports 
which will compensate for falling sales of steam 
locomotives without the backing of a home 
market. Since the industry’s export earnings 
for complete locomotives alone in 1954 amounted 
to £18°6 million (including parts, about £10 
million higher) such a loss of revenue would be 
an extremely serious matter. The programme 
of British Railways, although amply justified by 
the need to provide adequate and profitable rail 
services, cannot be entirely in the public interest 
if it does not take account of the need to maintain 
exports. Output of steam locomotives for the 
home railways has been almost confined to 
British Railways’ shops in recent years, on the 
ground that it would be uneconomic not to use 
these facilities to the full. This argument can 
have little force while the Diesel programme is 
being implemented; for, as the Transport 
Commission state, “it will involve on an 
unprecedented scale heavy demands on industry, 
which will share fully in the works envisaged.” 
Mr. Boyd-Carpenter, Minister of Transport, 
stated in the House of Commons on February 8 
that ‘“‘ the Commission intends to invite tenders 
in the near future for a substantial number of 
main-line Diesel locomotives,” and that there 
were likely to be large orders for the Diesel 
locomotives which had been used experimentally 
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on certain main-line tracks. This is encouraging, 
for it seemed just possible that British Railways 
might not buy many complete locomotives, 
but confine their outside purchases largely to 
components. In that event, however, their 
workshops would probably have to be re- 
organised and extended to an extent which 
would add greatly to the already severe strain 
on human and investment resources. 

As it is, considerable re-equipment will be 
necessary to enable the workshops to undertake 
the servicing and repair of Diesel locomotives; 
and since at the same time they will have to 
continue to maintain the large number of steam 
locomotives still in service, their facilities are 
likely to be very fully occupied. There thus 
seem to be many cogent reasons for placing a 
proportion of the orders for Diesel and Diesel- 
electric locomotives with the private builders. 
Close co-operation between British Railways 
and the private builders could do much to 
expedite the programme. It requires goodwill on 
both sides but there is no reason why, in 15 
years time, the United Kingdom, with one of 
the finest railway systems in the world, should 
not also be earning an increased revenue from 
exports of locomotives. The two goals should 
be complementary. 

An important part of British Railways’ plan 
for changing to Diesel and electric traction 
concerns the increased use of multiple-unit 
trains. The use of multiple-unit Diesel trains 
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Fig. 3. British production of coaching vehicles 
(including rail motor vehicles). 
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Fig. 4 British production of wagons. 


proved to be an outstanding success in Yorkshire 
where they were put into service in the summer; 
and in October, when an order was placed with 
British United Traction, British Railways’ 
expenditure on their original railcar programme 
estimated at £2 million was increased to £3 
million. In the new 15-year programme, it is 
proposed to increase the number of Diesel 
railcars and multiple-unit vehicles, of which 
there are 300 in service at present, to 4,600. 
This, together with an increase in the number of 
electric multiple-unit vehicles from 4,800 to 
8,400, will make possible a considerable reduction 
in the number of steam-hauled vehicles—from 
37,200 to 23,200. Altogether, 31,000 new 
passenger carriages will be built at a cost of 
£230 million, but this will be amply repaid by 
the more intensive use which it will be possible 
to make of the new rolling stock. Present 
output of coaching vehicles, as may be seen 
from Fig. 3, is running at about 2,100 per annum, 
which includes about 13 or 14 per cent. for 
export. The new programme, which will require 
nearly 2,100 coaching vehicles per annum for 
the home market alone, means a substantial 
addition to output. 


WAGONS 


The wagon building programme in the plan, 
on the other hand, means some reduction in the 
number of wagons produced. The total number 
to be built in the 15 years 1956 to 1970 is esti- 
mated at 255,000, costing £150 million. A 
further 52,000 are to be built between 1970 and 
1974. Annual requirements from 1956 onwards 
will not, therefore, exceed 17,000 per annum; 
the programme for 1954 was for 53,000 wagons 
of which 33,000 were to be produced by private 
builders. As may be seen from Fig. 4, this 
programme seems to have run to schedule: 
total British output of wagons, despite a sub- 
stantial reduction in exports (see Table II taken 
from the Trade and Navigation Accounts) reached 
a record total. The projected output under the 
new programme, of course, comprises a high 
proportion of large-size wagons. By 1954 it 
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is hoped that half the coal-carrying 
British Railways will be provided 
wagons—the largest which can be 

axles on British Railways. These 
being built by British Railways, al 
tracts with private builders are ma 
standard 16-ton wagons. The dive sity of the 
traffic and the trading habits of the Ommunit 

however, greatly limit the scale upon which leew 
wagons can be used on British Raily. iys, ° 

The reduction in journey time w ich can be 
secured through the improvement in inarshallin 
yards and the introduction of contin..ous brakes 
however, make it possible to cut {urther the 
number of wagons required; and it ‘s estimated 
that by 1974 the stock of British Railways wi) 
have fallen to 752,000 compared with 1-14 mil. 
lion at present. How far the private builders 
will participate in the new progratnmes is not 
clear. They are now achieving peak output of 
their long-term contracts, which extend to abou 
the end of 1957, and with their present volume 
of export business are very fully occupied 
Competition is, however, very intense in export 
markets, which are tending to diminish as more 
and more countries start their own wagon. 
building industries. Nevertheless, this trend js 
somewhat offset by the fact that total demand 
must increase with the development of resources 
in Overseas countries, and British builders are not 
pessimistic about their prospects. Particularly 
encouraging is the recent announcement of the 
award of a contract valued at 3 million dols, by 
the Foreign Operations Administration to the 
Metropolitan-Cammell Carriage and Wagon 
Company for 2,000 goods wagons for India, 
Orders for a further 3,300 are shared by two 
American companies. 

To sum up: the programme of modernisation 
and requipment of British Railways is bold, 
timely and imaginative. Provided account is 
taken in its execution of the needs and problems 
of private builders, the manufacture of locomo- 
tives and rolling stock in the United Kingdom 
can be placed on a footing which would ensure a 
handsome return in export orders. 
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FLOOR CLEAN 


Machines for Factories and Yards 


Machines for simplifying and speeding the 
cleaning of factory floors and yards were demon- 
strated last month in Seymour Hall, London, 
of equipment made by Cimex-Fraser Tuson, 
Limited, Cray-avenue, Orpington, Kent. Items 
at the show included mechanical scrubbers, 
polishers, scarifiers and vacuum-sweepers for 
a wide variety of uses, such as scrubbing the 
decks of ships, polishing the floors of canteens 
and hospitals, and “shampooing” carpets. 
Machines of especial interest to engineers are the 
** Bittern ” scarifying machine for the removal of 
impacted grease from factory floors, and the 
power-driven vacuum-sweeping vehicle for clean- 
ing factory yards and warehouses. 

The Bittern is powered by a }-h.p. single-phase 
alternating-current electric motor, and special 
voltages, frequencies, or direct-current motors can 
be supplied if required; for places where there 
is no electricity a }-h.p. petrol motor can be 
fitted. The two brushes are 8 in. in diameter 
and rotate in opposite directions, and the total 
width covered by the machine is 18 in. The 
scarifying brushes normally fitted are designed 
for the removal of impacted grease and other 
industrial residues including dough, soap, and 
chocolate. No caustic or liquid solvents are 
used; the scarifier reduces the residues to a dry 
powder which can easily be removed by some 
form of floor sweeper. 

Also on show was the prototype of a power- 
driven, driver controlled, vacuum sweeping 
vehicle. The vehicle is driven by a 24-h.p. 
traction motor, which is fed from a 15-cell, 
30-volt 515-ampere-hour capacity battery. The 
drive is through a four-speed gearbox by chain, 
and the four speeds can be used either forwards 


or backwards through a reversing switch. The 
driving motor and gearbox are mounted on the 
steering column, and drive the single front wheel; 
the foot brake operates on both rear wheels, and 
all three wheels are fitted with pneumatic tyres. 
Overall width is 35 in., height 51 in., length 95 in. 

The sweeper collects dust partly by a sweeping 
action and partly by suction. There are two 
brushes; one, 26 in. in length, rotates about a 
horizontal axis; the other, which rotates about a 
vertical axis, is set ahead and to one side of the 
main brush, and sweeps dust and litter into the 
path of the main brush, thus making the total 
width of sweep 32 in. Litter and refuse are 
swept up into a container behind the main 
brush, and airborne dust is drawn by the suction 
produced by a fan into a dust bag. A 24-hp. 
electric motor driven off the main battery pro- 
vides the power for the brushes and the fan. _ 

Removal of the dust by suction makes It 
unnecessary to sprinkle water on the surface 
of the yard or floor before sweeping, and the 
new sweeper is claimed to remove all the dust 
and litter. 
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HEATING AND VENTILATING 
ENGINEERS’ DINNER 


The annual dinner of the Institution of Heating 
and Ventilating Engineers was held in London 
on Wednesday, February 9, under the chal 
manship of the President, Mr. Walter Harding. 
M.I.Mech.E. Over 400 members and guests 
attended, and the principal speaker was the Hon. 
L. W. Joynson-Hicks, M.A., M.P., Parliament 
ary Secretary, Ministry of Fuel and Power. 
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THE THICKNESS OF 
HIGH-TEMPERATURE STEAM PIPES 


DESIGN STRESSES FOR CREEP CONDITIONS 
By J. S. Blair, D.SC., M.1.MECH.E. 


Much has been written recently on the theoretical 
side of the problem of design under creep condi- 
tions. In these controversial matters there is 
some danger that the practical requirements for 
the design of high-temperature steam pipework 
may be overlooked. A dispassionate review 
of the position therefore seems advisable. The 
design of steam pipes up to 975 deg. F. is already 
covered by B.S. 806, using mild steel, 0-5 per 
cent. molybdenum and chromium-molybdenum 
steels. This may not require any alteration, 
though B.S. 806 is subject to periodical revision 
and so can be altered if necessary. 

The following article covers design tempera- 
tures from about 950 deg. F. to 1,070 deg. F. 
where creep is occurring; for such temperatures 
ferritic steels, particularly 2} per cent. chrom- 
ium 1 per cent. molybdenum, are suitable. It 
is chiefly the latter steel which is dealt with here. 
For higher temperatures, austenitic steels are 
advisable, and, although the general method of 
designing is not likely to be different from that 
suggested here, the actual stresses to be permitted 
would be different and require further considera- 
tion in the light of the latest information available. 


DEFINITIONS 


First, the following definitions should be borne 
in mind. 

(a) k.—The ratio k is that of outside diameter 
to bore. 

(b) Large and small “‘k”’ pipes——The pipe 
which has a large ratio of diameter to thickness 
is often called a “‘ thin” pipe, irrespective of the 
actual thickness. This may be misleading, and 
itwould be better to callsuch a pipe a “‘ small k”’ 
pipe. Thus, the so-called “‘ thick ” pipe is a 
“large k”’ pipe. 

(c) Equivalent Stress.—This is the stress which, 
applied to a tensile creep specimen, would give 
the same total extension and time to rupture as 
would occur in a pipe under a given pressure 
and a given temperature. It is therefore the 
effective stress which may be considered as 
operating continuously and uniformly through- 
out the life of the pipe. The actual stress in the 
pipe may have the equivalent stress value only 
at one point in the cross-section or for one 
instant of time during the life. 

(d) Equilibrium Stress—This is the stress 
which would act uniformly across the thickness 
of the pipe under creep conditions when sufficient 
time has elapsed for the initially non-uniform 
stresses to become uniform. It is, in fact, the 


Pd 
same as the “ bore formula stress,”’ namely, % 


(e) Ratio of Stress to Pressure, + —For con- 


venience and for purposes of comparison, most 
of the Stresses referred to are given not as 
stresses in lb. per square inch, but as ratios in the 


form of _ where F is the stress and P is the 


pressure. In other words, a stress ratio of 6 
means a stress of six times the internal pressure, 
or—looked at another way—the figures given 
are the stresses in tons per square inch for every 
ton per square inch internal pressure. 


FUNDAMENTAL STRESSES, LAME’S 
EQUATION 


Elastic stresses in a thick steam pipe are not 
uniform over the cross-section, being higher 
on the inside than on the outside. The values 
of these stresses, i.e., the longitudinal, tangential 
(hoop) and radial stresses, are accurately given 
for elastic conditions by Lamé’s equations, 
as follows: 


General case: 





— 1 

Longitudinal stress P-R-1 (uniform) 
. Y 1 D* 

Tangential stress ot ( + 1) 
rar Z 1 D? 

Radial stress P Rol i - 1) 


where x equals the radius to the point at which 
stress is to be calculated. 


At inner and outer surfaces these become: 








Inside Outside 
=. 5 1 
P k-1 ke —1 
% +I 2 
P kK-1 ke —1 
Zz 
_* 1 0 


ELASTIC CONDITIONS 


At low temperatures (i.e., below the tempera- 
ture at which creep movement is measurable) the 
hoop and radial stresses remain non-uniform 
throughout the life of the pipe, and the best basis 
for design is to consider the combined stress in 
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Fig. 1 Stress distribution in a “ thin ”’ pipe (k 
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= 1-11) and in a “thick ”’ pipe (k = 1°5). 
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Fig. 2 Change of stresses with time at high 
temperatures for a ‘‘ thick ’’ pipe. 
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relation to either the yield or the tensile strength 
of the material. Unfortunately, agreement is 
not universal on the method of combining the 
three stresses. Haigh’s theory is used here for 
making comparisons between formulae, though 
the use of other theories would not invalidate 
the argument. 

The practical basis used in this country for 
design of pipes not subject to creep has been 
. 
7 (i.e., 
Barlow’s formula) which, as can be seen from 
Table I, on page 206, gives stresses about equal 
to the Haigh maximum combined stresses. The 
approximation, however, becomes increasingly 
inaccurate as k increases above 1-5, though such 
pipes would hardly ever be used. There seems 
no reason, therefore, to depart from the use of 
the o.d. formula for pipes in which creep does 
not take place. This is different from the 
American basis, since for the same stress their 
formula results in a thinner pipe than that 
from the o.d. formula. TableI, on page 206, shows 
calculations for two typical pipes, one having a 


: ratio of 20 (k = 1-11) and the other of 6 


(k = 1-5), the latter being ‘‘ thicker” than is 
usual. 


the outside diameter formula, S = 


CREEP CONDITIONS 


The behaviour of the above two pipes at 
elevated temperatures, where creep takes place, 
must now be considered. When first the 
pressure is applied to them, the stresses will be 
the Lamé stresses corresponding to elastic 
conditions, and the distribution of stress will be 
as shown in Fig. 1. It will be noticed that there 
is a much greater relative discrepancy between 
the inside and outside stresses in the case of the 
pipe with the large k ratio. Immediately creep 
starts there will be a tendency to equalise the 
stresses until, if complete equalisation takes 
place, the stress will be that given by the bore 
formula, as shown in Table I and indicated in 
Fig. 1. It should be noted that this is not quite 
the same as the combined stress at the middle 
section of the tube under elastic conditions, 
though very nearly the same. Thus, the high 
stress on the inside will become reduced, the lower 
stress on the outside will be raised and the 
stress at the mid section is little changed by 
creep effects. Theoretically, equilibrium at the 
“bore formula stress” will never be reached, 
the outside and inside stresses approaching this 
point asymptotically (see Fig. 2). In practice, 
it may be considered that equilibrium has been 
reached when the mean between the maximum 
and minimum stresses is within, say, 1 per{cent. 
of the equilibrium stress. 


EQUIVALENT STRESS 


What is required, however, is an equivalent 
stress which, if it acted continuously and 
uniformly on a tensile testpiece, would give the 
same average extension rate and life to rupture 
as would occur in the pipe under a given pressure. 
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TABLE I.—Various STRESSES IN TERMS OF INTERNAL PRESSURE (ie. VALUES GIVEN ARE = -) 









































Formula | Pipe A | Pipe B 
Outside diameter, D a | 10 in. 10 in. 
re, ae “ -- 9 in. 6-667 in. 
zuaemmeee, Pei — 0-5 in. 1-667 in 
ri — 20 6 
Dak - 1-111 1-5 
k+1 =: 2-111 2-5 
k—-1 = 0-111 0-5 
kt — 1-235 2-25 
+1 — 2-235 3-25 
k*—1 -- 0-235 1-25 
F 
Lamé stresses, Pp: 
Inside X (See text) 4-25 0-8 
Y oa 9-5 2-6 
Zz - 1 — 1 
Middle X ov 4-25 | 0-8 
Y _ 9 1-95 
Z a ~ 0-47 — 0-35 
Outside X oa 4-25 0-8 
¥ — 8-5 1-6 
Z _ 0 0 
| 
(a) Combined stresses, ©, (elastic conditions): Inside | Middle | Outside | Inside | Middle Outside 
Guest .. G 10-5 | 9-47 8-5 3-6 2-3. | 1-6 
Haigh .. ee ‘ is ies na ail H 9-78 | 9-11 8-5 3-02 | 2-06 1-6 
vonMiss -. «. 2. 3. 2.) Vv 9-05 | 8-2 | 7-36 | 3-12 | 1-99 | 1-38 
(6) Other stresses : | } | 
ax.Lamé .. én we i oe wil L | 9-5 | 9-0 | 8-5 2-6 1-95 1-6 
Outside diameter formula (Barlow) | B ee it es FS 3-0 _ — 
Mean diameter formula rae ais we aa M 9-5 2-5 
Bore formula .. re an = ea od © 9-0 2-0 
Arithmetical mean (outside and inside) .. — _ 9-0 2-1 
f.r.m.f. en - - ae i — 9-05 2-32 
(c) Equivalent stress (one-quarter life to reach 
equilibrium) ..  .... | - 9-005 2-03 
(d) Calculated stress : | 
y=1-0 a _— | 9-00 Z-00 
» = 0-95 | ion 9-0 2-05 
y=0-9 | a | 9-1 2-1 
y = 0-8 — 9-2 2-2 
a ai a : Ra 7 
F F D k 
Fi lae: -= ¥ - -— =< = 
ormulae: (G) P Zz (B) P oF ar 
(H) C= VX" + Y? + Z? — 20(KXY + YZ+ZX) (™) F_ D-t_d+t_ k+1 
—" P 2t t 2k-)N 
M ba VxXt¥ FZ KYFYZTZ® oe F-Pt 2.3. 
(L) See text af sd ~ 


Obviously this stress will lie somewhere between 
the maximum initial stress and the final equi- 
librium stress. Fig. 2 shows diagrammatically, 
for the larger k pipe, the change of stresses across 
the wall of the pipe as time passes, and it is 
evident that although the maximum stress may 
never come down to the bore formula stress, 
nor the minimum stress rise up to it, the arith- 
metical mean of these two stresses will soon be 
practically equal to the bore formula stress. 
Since the maximum stress was considerably more 
in excess of the bore formula stress than the 
minimum was below it, the maximum stress 
will decrease more rapidly than the minimum 
stress increases. 


EQUALISATION OF STRESS WITH 
CREEP 


It remains therefore to estimate how much of 
the life of the pipe is spent at the higher stress 
and how much nearly at the uniform bore 
formula stress. It must be remembered that 
whereas under internal pressure without creep 
(elastic condition) the combined stress is the 
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important one, it is questionable whether, when 
creep is taking place, any stress other than the 
maximum need be considered, since the creep 
rate depends on some high power, at least the 
fifth, of the stress. In the case of pipes, the hoop 
stress is always the greatest, and usually more 
than twice any other stress present. Bailey has 
stated that longitudinal creep does not take place 
in pipes under internal pressure, and tests seem 
to show that it is at most only very small. 
Longitudinal creep, if it takes place at all, 
is negligible, since the longitudinal stress is 
usually of the order of half the hoop stress and 
the creep in the longitudinal direction is there- 
fore unlikely to be more than about (0-5)5 
= 1/32nd of that in the tangential direction. It 
would seem that once creep has started, the 
only stress which need be considered is the hoop 
stress, which therefore should be used for 
purposes of calculation of the effect of the 
gradual equalisation of stress. 

Consider the effective stress initially, i.e., at 
the commencement of creep. This will not be 
the arithmetical mean between the maximum 
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Fig. 3 American basis 
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Fig. 4 British and American design and rupture 
stresses at elevated temperatures, 


Romer, J. B., and Newall, D., Trans. A.S.M.E., vol. 74, page 
157 (1952). 

Babcock and Wilcox. Technical Bulletin No. 6-F. 

A.S.T.M. Special Technical Publication No. 151 (1953) 
Report on The Elevated Temperature Properties of Chromium- 
Molybdenum Steels. 


and minimum, both because the distribution 
across the thickness is not linear (this correction 
would be small), and because creep rate depends 
not directly on the stress but on some high 
power (at least the fifth power) of the stress. 
Thus, the uniform stress which gives the same 
rate of creep as the non-uniform distribution of 
stress, would be the fifth root of the mean of the 
fifth powers of the stresses (f.r.m.f.) corresponding 
to an r.m.s. value where square laws are involved. 
Table I gives these calculated f.r.m.f. values 
together with the bore formula (equilibrium) 
stresses, and it will be seen that, in the case of 
the small k pipe, its equivalent stress at the 
start of creep (f.r.m.f.) is less than 1 per cent. 
higher than the bore formula stress, but in the case 
of the large k pipe it is some 16 per cent. greater. 
After creeping for some time at high tem- 
perature, the stress will eventually be practically 
uniformly distributed and equal to the bore 
formula stress. As mentioned previously, abso- 
lute uniformity of stress across the cross-section 
would never arise, but a state of affairs would be 
reached much more rapidly in which the 
maximum and the minimum stresses were 
equally divided on each side of the bore formula 
(equilibrium) stress. Actually, it is not necessary 
for the stresses to be exactly equally divided on 
each side of the equilibrium stress provided 
their mean value is not different by more than 
about 1 per cent. from the equilibrium stress. 
Fig. 2 shows what may be assumed to happen 
in the case of the large k pipe. The actual shapes 
of the curves are only approximate though they 
must, in fact, be relaxation curves of this general 
type. In Fig. 2 the upper maximum curve Is 
arranged to be always 14 times as far above the 
equilibrium stress as the minimum stress curve !s 
below it. It will be seen that at point E the 
f.r.m.f. value falls to 1 per cent. above the 
equilibrium stress long before the two curves 
have themselves got to within 1 per cent. of the 
equilibrium stress. It is necessary, therefore, to 
estimate the time to reach this approximate 
equilibrium point E as a proportion of 
whole life of the pipework, and here there are 
few data available. : 
Remembering that an elongation of 0-1 per 
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cient to make a change in elastic 
1e 10 tons per square inch, it does 
sly that more than a fraction of this 
-02 per cent., is required to allow of 
resses which initially are only about 
2 tons per square inch apart, even allowing for 
the somev.aat peculiar stress distribution in a 
pipe under internal pressure. It must also be 
rememberv.i that the stresses usually associated 
with these high-temperature steels are based on 
the assumption that the total elongation under 
creep is of the order of 1 per cent. in 100,000 
hours. 

It is evident, therefore, that the approximate 
equilibrium point E must be reached in quite 
a small fraction of the total life, and on this 
basis it would only be about one hundredth of 
the total life. Even assuming this to be grossly 
inaccurate and allowing the stress equilibrium 
point to be reached after a quarter of the life 
still means that the equivalent stress during the 
total life of the power station is only about 
| per cent. above the equilibrium (bore formula) 
stress. For example, even for such conditions, 
the large k pipe would have an equivalent stress 
of 2:03 instead of the equilibrium stress of 2, 
an increase of only 1-5 per cent. The increase 
for the small k pipe is even less (about 0-5 per 
cent.) (see Table I). 

The basis for the above calculation is as 
follows: 

(a) Assume equilibrium (to within 1 per cent.) 
reached at one quarter of the life. 

(b) Over this quarter life, f.r.m.f. stress falls 
(rapidly at first) to the equilibrium stress. 

(c) This quarter life period therefore can be 
considered as approximately equivalent to one- 
third at full f.r.m.f. stress and two-thirds at 
equilibrium. 

(d) This gives one-twelfth of life (one-third 
of one-quarter) at f.r.m.f. and eleven-twelfths at 
equilibrium stress. 

(e) Equivalent stress is therefore: equilibrium 
stress plus one-twelfth of excess of f.r.m.f. over 
equilibrium stress. 

(f) For example, (k 

Equilibrium stress 


cent. is St 
stress of S 
not seem : 
figure, Say 
equalising 


1-5) fmt... = 2-32. 


2. 
0-32 
2+ 12 
The greater the k value, the greater the initial 
discrepancy between the maximum and minimum 
stresses, and the example shown in Fig. 2, for 
which k is equal to 1-5, in fact, represents about 
the worst case which would be met with in 
practice. Any k value less than 1-5 will be 
nearer to equilibrium to start with and will 
therefore take a less proportion of the total life 
to reach equilibrium. Deductions based on 
k = 1-5 will therefore be amply safe for smaller 
values of k. 


I I 


Equivalent stress = 2°03. 


FORMUL/ 


The transition from the outside-diameter 
formula to the formula using the bore, often 
called the thin-cylinder formula, can be expressed 


by the simple formula r = x, 
is a variable having a value of 0 for the o.d. 
formula and 1 for the bore formula. Thus, any 
intermediate stress can be expressed by such a 
formula using an appropriate value of y. 

It will be remembered that the Americans 
already use a formula of this type in which y 
changes from 0-4 for low-temperature condi- 
tions to 9-7 for high-temperature conditions. 
There seems no justification for the value of 0-4 
for low temperatures, since here the o.d. formula 
(y=0) is correct. Moreover, for high tem- 
Peratures the value of y which would give the 
pevalen’_ stress required by the pipe with 

= 1:5 (Fig. 2) would be about 0-97, i.e., very 
nearly the bore formula. Even making the most 
generous allowance of a fourth of the life to 
reach eq: librium the equivalent stress is only 
some 1-5 ser cent. greater than the bore formula 
Stress fo: the k= 1-5 pipe. For smaller k 
Pipes it vill be much less. This is so near the 
equilibriu 1 stress (bore formula) that it does not 
seem rea:onable to depart from it. After all, 


— y, where y 


if the true stress is greater than the estimated 
(design) value, all that will happen is that 
equilibrium will be reached rather later. This 
will have no effect on the life of the pipe unless 
the steel is particularly non-ductile (in which 
case it should not be used). 

It should be noted that the American figure 
for y is different for austenitic and for ferritic 
steels, the y value being lower for the former, 
which would seem to suggest that they consider 
austenitic steels take longer to reach the stress 
equilibrium point. It is difficult to see why this 
should be, since in fact the basis for all stresses 
in these high-temperature steels is at present the 
stress which either gives the same rate of creep 
or represents the same proportion of the creep 
rupture stress in all of them. In either case 
this must imply practically the same rate of 
creep under the varying stresses, and therefore 
presumably approximately the same time to 
reach equilibrium. This will not matter, how- 
ever, since any one steel will be used at such 
temperatures that it will be either not subject to 
creep (room temperature, for example) or 
subject to creep (at its working temperature). 
In such a case the o.d. formula (y = 0) would 
apply for the low temperature and the bore 
formula (y = 1) for the working temperature. 

At present, B.S. 806: 1954, although it 
deals with steels and temperatures to which creep 
applies, is based on the o.d. formula throughout 
with appropriately adjusted stresses. There is 
probably no need to revise its values for mild 
steel, since at the maximum permissible tempera- 
ture little if any creep occurs. If it is decided to 
revise the values for the low alloy steels in B.S. 
806, both the formula and the stresses will require 
consideration. As far as steam power tenden- 
cies in the near future are concerned, however, 
the highest temperatures to be used will be above 
the 975 deg. F. upper limit of B.S. 806 : 1954 
and a different steel, such as 2} per cent. 
chromium 1 per cent. molybdenum, will be 
required. For still higher temperatures, austen- 
itic steels may be needed. The stresses discussed 
here, however, refer only to 2} per cent. Cr 
1 per cent. Mo, though the general principles 
apply to all steels undergoing creep. 

The above argument does not apply to steels 
showing poor ductility under creep, such as 
0-5 per cent. Mo steel or Mo-V steel. Since 
such steels cannot be allowed to creep to any 
appreciable extent, not only must the stress 
be kept fairly low, but also equalisation will not 
take place. Pipes of these materials, therefore, 
should be designed on the basis of the o.d. formula 
for all conditions for which such steels are 
suitable. 

Scaling Allowance.—In the case of ferritic 
steels at temperatures from 950 to 1,070 deg. F. 
scaling may take place not only on the outside 
of the pipe, but also on the inside, due to the 
steam. There is very little reliable information 
on the amount of scaling, but it appears to have 
been reasonably well established that the amount 
depends not on the time at temperature but on 
the square root of the time at temperature. 
Thus, the scaling after 200,000 hours would be 
some 14 times that after 1,000 hours. Naturally, 
tests on different materials have been confined 
so far to relatively short times of the order of 
1,000 hours, so that there is considerable uncer- 
tainty about the accuracy of extrapolated values. 

The dependence of scaling on temperature 
is also not too well established, but it appears to 
increase very rapidly indeed at temperatures 
over 1,100 deg. F. in these low alloy steels, and 
to be quite small below this temperature. It 
has been customary in the past to make a fixed 
allowance (0-04 in. in B.S. 806 and 0-065 in. 
in American practice) to be added to the calcu- 
lated thickness to cover some unspecified condi- 
tions. In some people’s minds this 0-04 in. 
is a corrosion allowance, though corrosion does 
not occur in steam pipes. Others consider it 
to be an allowance for minute irregularities of 
the surface not normally deducted in measure- 
ment of thickness, but if this view were correct, 
one would expect the allowance to be varied for 
different pipe surfaces which, in fact, it is not. 
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Fig. 5 Design and rupture stresses for a 2} per 
cent. chromium, 1 per cent. molybdenum steel. 


It can, however, be considered as a scaling 
allowance, at any rate at the higher temperatures. 

A survey of the information available suggests 
that the amount of scaling below 1,070 deg. F. 
would be much less than this 0-04 in. in 200,000 
hours. In view of the general acceptance of 
such a constant, it is considered that it should 
be retained, since it will allow, among other 
things, for such scaling. Of course, for austen- 
itic materials quite different scaling allowances, 
if any, will have to be considered. 


DESIGN STRESSES FOR 
INTERNAL PRESSURE 


It has been customary in the past, both in 
American and British practice, to derive design 
stresses at the lower end of the temperature range 
from the tensile strength (or in some cases the 
yield point) and, at the higher temperatures, 
either on the reduced tensile properties or on 
the stresses which are believed to give specified 
amounts of total creep at the end of 100,000 
hours. This is approximately the basis for the 
stresses in B.S.806: 1954 and the American 
basis is similar, being stated to be a quarter 
of the tensile strength at low temperatures; 
5/8ths of the proof stress at higher tem- 
peratures if this is less than a quarter of the 
tensile strength; for the next higher temperature 
range the stress which gives 1 per cent. creep in 
100,000 hours; and finally, if it is less than the 
previous stress, either 60 per cent. of the average 
creep rupture stress or 80 per cent. of the 
minimum creep rupture stress, whichever is the 
lower. This basis is shown in Fig. 3. The 
figures in circles along the curve represent very 
roughly the percentage elongation which might 
be expected in 100,000 hours at these stresses, 
and it will be seen that as the temperature rises 
the elongation rises to 1 per cent. and then falls 
again. This would mean first a long time to 
reach equilibrium, then a shorter time and finally 
a longer time again. 

The American code gives stresses and formulae 
for 24 per cent. Cr 1 per cent. Mo steel, but 
in this country there is no corresponding pub- 
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Fig. 6 Minimum thicknesses according to 

American practice and the author’s proposed 

formula for 2} per cent. Cr, 1 per cent. Mo steel 

pipes for steam at 1,680 lb. per square inch at 
various temperatures. 


lished series of stresses. It may be asked, 
therefore, why the American basis should not be 
adopted for our own pipework, particularly 
since most of the information available on the 
performance of such alloy pipes comes from 
America. The reasons against accepting the 
American basis are :— 


(a) As previously mentioned, the formula does 
not appear rational, in that it is neither the 
o.d. formula for low temperatures, nor the bore 
formula for high temperatures. 


(6) Most of the stresses are based on the 
assumption that creep should not exceed 1 per 
cent. in 100,000 hours. While a fixed amount of 
total creep may be a reasonable basis for struc- 
tures which require to retain their dimensions 
accurately, for example, bolts, there seems no 
reason for the use of such a basis for pipework, 
where it matters little if the pipe expands quite 
appreciably provided that it does not burst. 
The rupture stress therefore is by far the most 
important consideration in pipework design but 
is introduced into the American system only for 
the highest temperatures of any alloy steel range. 

(c) As a result of the above, the American 
factor of safety on rupture stress is not constant 
at the higher temperatures. 

(d) The 0-065-in. constant is too large. 


Nevertheless, it is felt that the considerable 
experience in America with the use of these alloy 
pipes does indicate that the eventual thicknesses 
obtained from their formulae cannot be unsafe. 
As will be seen later, thicknesses given by the 
formulae and stresses proposed here, though 
not of course the same as would be given by 
the American basis, are not greatly different 
(see Figs. 6, 7 and 8). 


BASIS OF PROPOSED STRESSES 


It is suggested that the basis for the proposed 
stresses should be a quarter of the tensile strength 
up to 750 deg. F. and at the higher temperature 
end it should be 60 per cent. of the 100,000-hour 
rupture strength. For 2} per cent. Cr material 
this criterion would apply from about 940 to 


1,070 deg. F., beyond which it is not considered 
that the steel is suitable. At temperatures 
between 750 and 940 deg. F., a transition curve 
should be used consisting of a straight line 
between the value at 940 deg. F. and a value of 
15,000 lb. per square inch at 850 deg. F., followed 
by another straight line between the value at 
850 deg. F. and a quarter of the tensile strength 
at 750 deg. F. The important working values 
are those between 940 and 1,070 deg. F., 
which are given in Table II. It is unlikely for 
24 Cr steel to be used for working temperatures 
below 940 deg. F. The only other stress that is 
of importance is the stress at room temperature 
(and up to 750 deg. F.) which would be about 
a quarter of the tensile strength, say 18.500 lb. 
per square inch.. 


TaBLe II.—Proposed Stresses for 24 per cent. Cr, 1 per cent. 








Mo Steel 
Assumed a og i F 
minimum lesign merican 
Toe, rupture stress, design 
dea stress, R, 0-6R, stress 
Ib. per sq. in. | Ib. per sq. in. 

750 
eustane) ~ 18,500 15,000 
800 _ 16,000 15,000 
850 _ 15,000 14,400 
940 17,500 10,500 11,420 
950 16,670 10,000 1,000 
960 15,750 9,450 10,360 
970 14,830 8,900 9,720 
980 x 8,400 9,080 
13,170 7,900 8,440 
1,000 12,340 7,400 7,800 
1,010 11,590 6,950 7,400 
1,020 10,840 6,500 7,000 
1,030 10,170 5,100 6,600 
1,040 9,500 5,700 6 200 
1,050 8,920 5,350 5,800 
1, . 5,000 5,450 
1,070 7,800 4,680 5,100 














Note.—Intermediate values by linear interpolation. Added 
constant C = 0-04 in. for proposed formula, or 0-065 in. in 
American formula. 

The stresses given in Table II have been 
obtained by taking published data into con- 
sideration, but this required a certain amount of 
approximation. For example, the stresses should 
be approximately 60 per cent. of the 100,000-hour 
creep rupture values, and these values are 
naturally not very definitely established, and 
must be the result of considerable extrapolation. 

Fig. 4, page 206, shows the proposed stresses 
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Fig. 7 Minimum thicknesses as in Fig. 6 but 
for pipes for steam at 455 lb. per square inch. 
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Fig. 8 Minimum thicknesses for pipes of 2} 

per cent. Cr, 1 per cent. Mo steel and passing 

steam at various pressures and 1,050 deg. F, 

according to American practice and the author’s 
proposed formula. 


compared with the American stresses, and also 
the available data on 100,000-hour creep rupture 
plotted against the proposed values given in 
Table II which are the proposed design stresses 
divided by 0-6, to allow for the proposed 60 per 
cent. relation. It will be seen that this line is 
some 5 to 10 per cent. lower in value than 
most of the published data, and should therefore 
be on the safe side in the event of further more 
accurate data becoming available. Fig. 5, on 
page 207, shows the most important working 
range abstracted from Fig. 4. ‘ 

It will be noted that the stress to cause a given 
amount of creep elongation is never used as 
a basis, though, in fact, the stress proposed 
will not produce as much as | per cent. creep 
elongation in 100,000 hours at any point. It is 
considered that there will be no need to be 
concerned about the total creep unless it exceeds 
2 per cent. in 100,000 hours, i.e., about 5 per 
cent. in the life of the pipe. 

It might be argued that if the stress to cause 
rupture in 100,000 hours were known accurately, 
it would be sufficient to use this as a design 
stress, but it will be obvious on second thoughts 
that some factor of safety on this value must be 
allowed. For one thing, the life required of the 
pipework is likely to be nearer 200,000 hours than 
100,000 hours, and this change alone would 
justify reducing the stress. In addition, there 
is some uncertainty as to the true values of the 
rupture stresses, since all of them are extra 
polated from much shorter tests. Against this 
it may be argued: (a) that the rupture stress¢s 
are determined by tensile creep tests which 
generally give worse results than _ tests with 
multi-axial stress as would occur in practice; 
(6) it is held by some, partly as a result of (a), 
that the circumferential creep of a pipe is only 
about half that which would occur in a tensile 
specimen subjected to the same stress. In view 
of all these considerations, it is thought that 
taking the design stress as 60 per cent. cf the 
rupture stress is a reasonable factor of s ifety, 
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the rupture stress to be not necessarily the very 
lowest figu:cs which are published, but at any 
rate to the ow side of the mean. 

The formulae for design of 2} per cent. Cr 
| per cent. Mo pipework at temperatures above 
750 deg. F. are as follows : 


et eS tli 
where f,, = minimum thickness (in.) P = pres- 
sure (Ib. per square inch), D = outside diameter 
(in.), S = permissible stress, and C = additional 
allowance. The values of S and C are given in 
Table Il. The substitution of (S + P) for S is 
equivalent to replacing D by d, i.e., this is the bore 
formula. For temperatures below 750 deg. F., 


. + 0:04 should be used. 


COMPARISON WITH AMERICAN 
THICKNESSES 
Table III gives a comparison between the 
thicknesses calculated by this formula and those 
calculated by the American formula, namely: 
PD 
= ————_._ + 0065 
"ain. 
y = 0-4 at 900 deg. F. 
0-5 at 950 deg. F. 
0-7 at 1,000 deg. F. 


(intermediate values by interpolation). 


Table III and Figs. 6 and 7 show these values 
for two typical pipe sizes (103 in. and 123 in. o.d.) 
at 1,680 Ib. per square inch and two sizes (16 in. 
and 20 in. o.d.) at 455 lb. per square inch. It 
will be seen that the differences between the 
thicknesses given by the two formulae are not 
great. Table IV and Fig. 8 show pipe thicknesses 
ata temperature of 1,050 deg. F. for five different 
pressures. 


the o.d. formula t,, = 


where 


TasBLe Ill.—Minimum Thicknesses at Various Temperatures 


| 
Pressure 1,680 Ib. 





Pressure 455 Ib. 

















| Proposed per sq. in. per sq. in. 
Temp., | or oe a) a 
deg. F. | American 
1obino.d |22.inod. 16-in.o.d.|20-in.o.d. 
| 
955 | Prop. 0-832 | 0-979 0-398 | 0-487 
| Am. 0-847 0-992 0-398 0-482 
970 | Prop. 0-893 1-052 0-429 | 0-526 
Am. 0- 1-066 | 0-430 0-521 
985 | Prop. 0-959 1-130 | 0-463 0-569 
Am. 0-983 1-154 0-467 | 0-568 
1000 | Prop. 1-034 1-220 | 0-503 | 0-619 
Am. 1-071 1-258 0-513 | 0-625 
1010 | Prop. 1-086 | 1-281 | 0-532 | 0-654 
Am. 1-118 1-314 0-537 | 0-654 
1020 | Prop. 1-144 1-349 0-563 | 0-694 
| Am. 1-169 1-375 0-562 | 0-687 
1030 | Prop 1-201 1-417 0-595 | 0-734 
Am. 1-226 1-442 | 0-591 | 0-723 
1040 | Prop. 1-264 1-491 | 0-631 | 0-779 
Am. 1-289 1-517 | 0-623 | 0-763 
1050 | Prop. 1-324 1-563 0-667 | 0-824 
| Am. 1-359 1-600 0-660 | 0-809 
1060 | Prop 1-392 1-643 0-707 0-874 
Am. 1-428 1-681 0-696 0-854 
1070 | Prop 1-460 1-724 0-749 0-926 
Am. 1-504 1-772 | 0-737 0-905 














TABLE IV.—Minimum Thickness at Various Pressures at 
Temperature of 1,050 deg. F. 




















Pressure, | Proposed | | 
Ib. per | or 103-in.o.d.|123-in.o.d.} 16-in.o.d. | 20-in.o.d. 
§q.in. | American | 
= i 
500 | Prop. | 0-499 | 0-585 | 0-724 | 0-895 
} Am, -| 0-502 0-583 | u-715 0-878 
1000 | Prop 0-886 | 1-044 1-300 1-615 
| Am. 0-892 | 1-046 | 1-296 1-603 
1500 Prop. 1-217 1-436 | 1-792 | 2-230 
Am. | 1-242 1-461 1-817 | 2-255 
2000 | Prop | 1-503 | 1-775 | 2-217 | 2-761 
2500 | Am. 1-558 1-836 2-287 | 2-843 
< } Prop. ..| 1-752 | 2-070 2-588 | 3-225 
| Am, -.| 1-845 2-176 2-714 | 3-376 
a | 





ADDITIONAL STRESSES AND 
OTHER MATERIALS 
Additional Stresses.—This article deals only 
with the stresses which arise due to internal 
Pressure, but it must not be forgotten that 
other stre ses, for example, those due to bending, 
can occu’ in steam pipework. Since, under 
€xpansior due to heating and under creep, 


ben ‘ing stresses may relax appreciably, 
: ir treai nent will require a different approach 
tom that ised in the past for elastic conditions. 


Other Materials—The above has been con- 
cerned almost exclusively with 2} per cent. Cr 
1 per cent. Mo steel, but the general principles 
of design apply also to other materials. Where 
design temperatures above 1,070 deg. F. are 
concerned, other steels will have to be used, 
and as yet there are not sufficient data to decide 
upon the design stresses for such materials. 
Nevertheless, the same basis should be used, 
namely, the rupture strength with a suitable 
factor of safety. This may not mean that 
the design stresses should be 60 per cent. of the 
rupture stresses due to the different characteristics 
of the steels used. 


The general principles of design for tempera- 
tures up to the highest for which austenitic 
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materials are suitable should therefore be as 
follows :— 





Mild steel. The outside diameter 
formula. Added constant 0-04 in., 
though perhaps there is no need for 
this constant. 

850 to 975 deg. F. ..| 1 per cent. chromium, 4 per cent. 
molybdenum steel. The outside 
diameter formula. Added constant 

-04 in. 

2t per cent. chromium, 1 per cent. 
molybdenum steel. The bore formula. 
Added constant 0-04 in. 

Higher alloy, ferritic or austenitic 
material. The bore formula. No 
added constant. 


Up to and including 
900 deg. F. 


940 to 1,070 deg. F. .. 


1,000 to 1,300 deg. F. 
or higher 








The author is indebted to Messrs. Stewarts and 
Lloyds Limited for permission to publish this 
article. 


TEST RIGS FOR AIRCRAFT 
INSTRUMENTS 


CHECKING TACHOMETERS, MACHMETERS, PRESSURE 
GAUGES, AND ACCELEROMETERS 


To cope with the many different types of aircraft 
instrument serviced by them, the Instruments 
Division of Field Aircraft Services Limited, 
Bovingdon Airport, Hertfordshire have recently, 
installed and put into operation several new test 
rigs of their own manufacture, specially designed 
for the rapid setting-up of instruments for routine 
tests after overhaul. These instruments range 
from those installed on venerable piston-engined 
Dakota transports to those on Canadian-built 
Sabre transonic jet fighter aircraft in service with 
the NATO air forces, in addition to a variety of 
British instruments fitted on various service and 
civil aircraft for which the Field organisation hold 
overhaul contracts. 


CENTRIFUGE FOR ACCELEROMETERS 


The rotating-arm rig seen in the foreground in 
Fig. 1—which also illustrates generally the elec- 
trical section of the Instruments Division—was 
developed for checking, under accelerations up 
to 12 g, the Bendix accelerometers fitted on the 
NATO Sabre aircraft, and is equally suitable for 
the Kelvin-type accelerometers in use in British 
high-speed aircraft. Both these instruments are 
of the spring-loaded inertia weight type, and are 
fitted with maximum positive and negative g 
pointers as well as the normal indicating pointer. 
The rotating arm is sunk in a protective “ well ” 
so that no damage can result to personnel or 
premises should any component come adrift 
during the test. 





The American test schedule calls for the 
accelerometers to be mounted horizontally, 
although in the aircraft they are, naturally, 
mounted upright to record vertical accelerations. 
The Field rig can, however, be swung through 
90 deg. so that the instruments can be tested 
in the vertical plane, and experience at Bovingdon 
suggests that this method is, in fact, preferable 
since, when mounted horizontally, friction forces 
not encountered when the instrument is installed 
vertically have been found to cause low read- 
ings at accelerations less than about 6 g. The 
drive motor is mounted in such a way that it 
remains horizontal whether the rotating arm is 
disposed horizontally or vertically. To test 
under negative acceleration, the instruments are 
simply reversed in their mounting sockets. 

The drive to the rotating arm is provided by a 
4-h.p. 600/3,000 r.p.m. direct-current shunt- 
wound motor, supplied by a rectifier unit from 
the mains supply. The drive is taken through 
a 20-to-1 reduction gearbox to the shaft on which 
the rotating arm is mounted, providing a rig- 
speed range of from 30 r.p.m. to 150 r.p.m. 
This speed is measured accurately by a standard 
aircraft tachometer-generator driven from one 
end of the motor shaft, so that a 1-r.p.m. gradua- 
tion on the remote-indicating dial would corres- 
pond to a shaft speed of j, r.p.m. giving an 
accuracy of + 41.p.m. at maximum shaft speed. 
The indicating dial is, in fact, directly calibrated 
in units of g, to simplify the test procedure. It 





Fig. 1 In the foreground of the electrical shop is a centrifuge for checking accelerometers under 
accelerations up to 12g. The rotating arm can be in the horizontal plane, as shown, or vertical. 
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Fig. 3 Up to seven Machmeters can be cali- 

brated simultaneously on this Machmeter test rig, 

which is also used for testing standard airspeed 
indicators, altimeters, boost gauges, etc. 


is visible, with the aid of a built-in mirror, 
through a glass window on top of the rig above 
the control panel. 


UNIVERSAL TACHOMETER TEST RIG 


Although the stroboscopic test-rig illustrated 
in Fig. 2 is based on orthodox principles, it is 
unusual in that it allows tachometer generators 
for both gas turbines and piston engines, and 
revolution-indicating instruments of all types, 
to be set up and tested in a matter of minutes. 
In addition to the console-type rig illustrated, a 
portable universal tachometer test-rig has been 
constructed on similar lines. 

At the left-hand side of the rig is the drive- 
head for the tachometer generator under test, 
provided with a universal dog coupling enabling 
any type of generator to be readily tested. A 
230-volt direct-current variable-speed motor, 
supplied by rectified mains current, mounted at 
an angle at the back of the rig, drives the driving 
head directly through a 10-in. flexible shaft; a 
4-in. diameter flywheel smooths out any speed 
fluctuations arising from the flexible drive. The 
motor is reversible to provide either clockwise 
generator drives for British instruments, or 
counter-clockwise drives for American instru- 
ments, as required. The speed range is from 
250 r.p.m. to 3,000 r.p.m. The other end of the 
motor shaft is connected to the shaft of the 
stroboscopic disc, which is used to monitor the 
master drive speed to within close accuracy 
as given by a tuning-fork control. The disc is 


Fig. 2 Universal tach- 
ometer test rig. It 
employs a stroboscope 
and is designed for 
rapidly testing tacho- 
generators for gas tur- 
bines and piston engines, 
and_ revolution-indicat- 


ing instruments. 


illuminated in the conventional manner by a 
tuning-fork-controlled intermittent neon light 
flashing at 50 cycles per second. 

The indicator unit under test is mounted in 
a quick-release panel above the stroboscope, a 
vibrator being built into the mounting panel to 
simulate aircraft vibration. A plug board 
behind the instrument panel enables the correct 
lead assembly to be used for each particular 
indicator, the spare leads heing housed in a 
cupboard on the left of the rig. For checking 
the dual-pointer type of r.p.m. indicator, in 
which the speeds of two engines are indicated 
on the same dial, without the necessity for 
changing over the leads to the indicating instru- 
ment, an auxiliary generator is used. It is driven 
by a second small direct-current variable-speed 
motor built into the right-hand side of the rig. 
Selector switches below the instrument panel 
allow the choice of main and/or auxiliary drive 
to the indicator; the speed-control handwheels 
for the two motors can be seen on the right of 
the lower part of the rig. 

In addition to checking the calibration of the 
instrument readings against the strobosccpe, 
the rig provides for testing the output of all 
current types of tachometer generator by means 
of a series of built-in standard resistances, a 
standard workshop meter being plugged into 
the right-hand switch panel to read output 
voltages and line currents. 


MACHMETER TEST RIG 


In Fig. 3 is shown a test rig developed for 
calibrating Machmeters, maximum allowable 
airspeed indicators and true-airspeed indicators. 
Up to seven can be calibrated simultaneously. 
The instruments to be tested are enclosed in an 
altitude chamber in which the ambient pressure 
can be reduced by a vacuum pump. The rig is 
also used for testing standard airspeed indicators, 
altimeters, boost gauges, etc. The pressure in 
the chamber is indicated on the adjacent baro- 


Fig. 4 For remagnetis- 
ing permanent mag- 
nets, this instrument 
comprises a thyratron- 
controlled condenser 
discharging through the 
primary coil of a trans- 
former, the secondary 
forming the magnetising 
coil. 
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meter. A “buzzer” in the altitude chambe, 
vibrates the mounting panel to simulat. aireraf; 
conditions. 

To simulate the pitot pressure which °; applied 
during flight to the interior of the ins rumenr; 
airspeed capsule, the latter is connec ed to g 
controllable air-pressure supply tapped rom the 
main compressed-air supply to the w "kshops 
The differential pressure across the airspeed 
capsule, which is a function of the odicated 
airspeed, is measured on the 80-in. mercury 
manometer immediately to the lef: of the 
barometer. This manometer, mountcd on 
metal frame, has been specially constiucted to 
allow for the measurement of di‘ferentiai 
pressures up to 67 inches of mercury, the “ pitot 
pressure being applied above the me 
surface in the cistern at the base of the instrument, 
and the “static”? pressure above the m 
column in the glass tube. An overflow reservoir 
is provided at the top of the instrument. The 
scale is calibrated both in miles per hour (209. 
1,100) and in knots (250-700). 

To allow the scale to be read accurately at the 
higher values when the mercury surface is wel] 
above the eye level of the observer, the mano- 
meter is provided with a prism travelling on a 
lead screw and a mirror at the base of the 
instrument so that the observer can “ track” 
the meniscus in the mirror, which is mounted 
on a ball joint so that he can adjust it as desired, 

The two manometers seen to the left of the 
main Machmeter manometer are, respectively, 
water and mercury columns used mainly for 
testing standard airspeed indicators and pressure 
gauges of various types over the lower ranges of 
differential pressure. Selector valves provide 
for connecting any combination of the three 
manometers to the instruments under test. 

The procedure in testing a Machmeter or 
similar instrument incorporating both airspeed 
and altimeter capsules is firstly to adjust the 
chamber pressure, by reference to the barometer 
to standard sea-level conditions. The “air- 
speed”’ is then increased in steps up to the 
maximum value (1,100 m.p.h.), and the Mach 
number reading is checked against tabulated 
values. At the conclusion, the “* pitot pressure ” 
is removed and the tests then repeated at a 
series of higher “‘ altitudes.”” While applying 
vacuum to the altitude chamber, an equaliser 
valve is opened to avoid setting up a differential 
pressure between the pitot and static sides of 
the manometer at zero speed. 

Among the equipment developed recently by 
the Field Instrument Division may be mentioned 
the magnetiser shown in Fig. 4, consisting of a 
thyratron-controlled condenser discharging in- 
stantaneously through the primary of a trans- 
former, the secondary forming the magnetising 
coil. Another development is a self-contained 
portable oxygen test rig, shown in Fig. 5, for 
testing all types of oxygen pressure gauges and 
flow indicators. In this rig, by means of a fine 


control valve on the right of the panel, pressure 
tests can be carried out and readings checked 
against a master gauge. 


On the left-hand side 
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Fig. 5 Self-contained portable oxygen test rig 
for all types of oxygen pressure gauges and flow 
indicators. 


of the panel, six oxygen flow meters can be 
tested simultaneously. For safety, dry nitrogen 
is used for the tests; the standard 110-c.c. 
cylinder can be readily replaced when empty 
through a door at the rear of the unit. The 
rig is designed so that, with very little modi- 
fication, a wide variety of pressure gauges can 
be tested. At present it is being used for 
calibrating the latest type of oxygen equipment 
fitted on Sabre aircraft. 


x k * 


ARGONAUT WELDING PROCESS 
Now Applicable to Carbon Steels 


It may be recalled that the Argonaut welding 
process initiated by the British Oxygen Company, 
Limited, employs a shielded arc with a direct 
current of relatively high amperage (the min- 
imum being 50,000 amperes per square inch), 
on a continuously-fed bare-wire electrode of 
small diameter. Until recently, the use of the 
process has been confined chiefly to light alloys, 
though it has also been employed on stainless 
steel and copper-base alloy. 

As a result of experiments carried out by the 
British Oxygen Company and the United Steel 
Companies, Limited, the process has been found 
satisfactory for welding certain qualities of 
carbon steels in all positions, with the exception 
of vertical fillets and butt welds. Tests have 
shown that the problem of porosity could be 
overcome by the adoption of the correct tech- 
nique and sound welds of adequate strength and 
metallurgical quality have been obtained in 
semi-killed boiler-quality steel and fully-killed 
Pressure-vessel quality steel. It is further stated 
that the metal deposited in butt welds in these 
steels has a greater strength than the parent 
metal, both in the as-welded and stress-relieved 
conditions. The tensile strength of the weld 
specimens is quoted as being 36 tons per square 
inch, as deposited, and 34 tons per square inch, 
in the stvess-relieved condition. The bend tests 
are also stated to show adequate ductility. 

The ranner of metal transfer by projection 
across t] € arc allows welding to be carried out 
in all po: tions with the two exceptions mentioned 
ae, ramely, vertical fillet and butt welding. 
tis poi: ted out that no flux is needed and that 
fre welc Produced are of good quality, free 
: m sla; and inclusions and also, in the case of 

ght me als or stainless steel, free from post- 
welding « >rrosion problems. 
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RECORDING AND REPRODUCING 


ELECTRICAL SIGNALS* 
ACCURATE CINEMATOGRAPH TECHNIQUE 


Equipment has been developed for the recording of 
electrical signals and their subsequent reproduction 
or play-back. The apparatus is intended to be 
an adjunct to electrical measuring equipment, and 
therefore has to provide an accuracy comparable 
with that usually associated with typical electrical 
instruments. Quantitatively, this requirement has 
been interpreted by attempting to reduce the errors 
to 1 per cent., while it has been considered that any 
error as great as 20 per cent. would render the 
equipment virtually worthless. In comparison 
with the many well-established techniques of sound 
reproduction this requirement represents a reduc- 
tion of errors by about one order of magnitude, 
and the difference is symbolised by the expression 
of the errors as a few per cent. rather than as a 
few decibels. 


The primary application of the equipment is 
for recording the results, expressed as electric 
signals, of experiments of short duration or 
of a non-repetitive nature, and for their subse- 
quent reproduction for study or analysis, particu- 
larly in conjunction with an electronic analogue 
computer. 

The development of this equipment followed 
an investigation and manufacture of prototypes 
at the Admiralty Signal and Radar Establishment 
carried out by H. W. Pout, assisted first by E. N 
LeFevre and later by K. W. Thwaites. Thirteen 
schemes were reviewed, employing various 
electromagnetic, electrodynamic, electrostatic and 
optical methods. The most promising tech- 
nique appeared to be a cinematographic process, 
based on variable-density records exposed with a 
new type of controllable discharge lamp. An 
intensive programme of development of the 
lamps followed, in co-operation with the manu- 
facturers, and, in addition, a programme was 
executed in co-operation with a leading cine- 
matographic processing laboratory to establish 
the conditions which gave the highest possible 
precision of processing these variable-density 
records. This was an important factor in making 
the method usable. 


CHOICE OF TECHNIQUE 


The primary considerations were the accuracies 
required, the ability to change the time-scale 
over a wide range, and the need for simplicity 
of the equipment for recording, which might be 
operated by non-specialist personnel. Supple- 
mentary requirements of the equipment were the 
ability to record and reproduce frequencies in 
the range 0 to 1,000 c/s, although some increase 
of error (up to 10 or 15 per cent.) would be 
acceptable at the maximum frequency, and the 
provision of two independent recording channels, 
with a third for recording timing or identification 
signals, of inferior accuracy of reproduction. 
A further part of the equipment was a device 
which would record data fed into it manually 
or mechanically by the setting of control knobs 
or use of a keyboard. 

It is probable that most of the requirements of 
the equipment could have been met by a system 
of photographic recording using the binary 
digital system. However, the method was 
rejected on the grounds of the complexity of the 
equipment, mainly electronic, required at the 
time of recording. 


THE EQUIPMENT 


A simple film-traversing mechanism was used, 
the film being driven by a variable-speed motor 
of the servo type, electronically controlled. This 
mechanism was used for both recording and 
reproducing, appropriate optical units being 


* Extracts from ‘‘Equipment of Instrumental 
Accuracy for Recording and Reproduction of 
Electrical Signals, Using Cinematograph Film’’ by 
H. McG. Ross, M.A. Paper presented to the 
Institution of Electrical Engineers on January 4. 


attached to it. A  variable-density recording 
system based on the prototype was first made, 
using the gas-filled discharge lamps as variable- 
intensity sources. With this system, precision 
photographic processing is required. Variable- 
area recording optical units were also made, as 
an alternative, to compare the usefulness of the 
two systems under practical conditions when the 
equipment would be regarded merely as a tool. 

For reproduction, a simple optical system is 
attached to the film mechanism, throwing a 
narrow line of light across the print. Light 
transmitted through the appropriate parts of the 
print is detected by photocells, mounted behind 
the film gate in the mechanism. 

A separate film mechanism is used for recording 
data applied manually, which gives an adjustable 
intermittent motion of the film. The data 
are introduced by setting knobs on an optical 
unit and are recorded by pressing a foot-switch. 
Prints from films so exposed are reproduced on 
the other equipment. 

In the present application, the film drive was 
designed round a standard toothed film sprocket, 
driven through spur gearing from the variable- 
speed servo motor. This provides film speeds 
with a high degree of constancy over the range 
10 in. to 1 in. per second, used for recording; 
normal variations of load and of voltage or 
frequency of the electric supply do not give 
errors greater than 1 per cent. at any setting. 
There is a short-period irregularity which is 
associated primarily with the teeth on the gear- 
wheel driving the main sprocket-shaft. It was 
measured by exposing film with a narrow trans- 
verse line of light and analysing the consequent 
density fluctuation; at the maximum film speed 
it indicated an irregularity of peak amplitude of 
+1 per cent. and of frequency of about 600 
cycles per second. 

The mechanism has been designed round 
commercially available film cassettes and sprocket 
shaft assemblies, and has been based on standard 
cinematographic practice wherever possible. A 
straight film gate is used, with the photocells 
used for reading the film mounted in a block 
behind it. The straight gate was necessary for 
the transcriber unit (used for intermittent 
recording) and its use in the mechanism for 
continuous recording and reading permitted the 
same basic design for the two machines. Certain 
computations, for example, auto-correlation, 
may require two mechanisms running in exact 
synchronism; a small modification permits 
them to be coupled together mechanically. 


VARIABLE-DENSITY RECORDING 


The preliminary work established the feasi- 
bility of variable-density recording for the 
present application. Experience revealed certain 
undesirable features of the lamps. First, their 
light output and linearity were dependent on 
their temperature; secondly, the light output for 
a given current was influenced by the previous 
history of the lamp; thirdly, some lamps would 
develop irregular operation. Consequently, it 
was decided to develop a system whereby the 
luminous output of the lamp was monitored by 
a photocell, which introduced negative feedback 
to the amplifier providing the current to the 
lamp. 

The optical unit for variable-density recording, 
shown in Fig. 1, page 212, is made to be attached 
to the film mechanism. Each lamp is held kine- 
matically in a ceramic tube which ensures that 
the lamp reaches a very high temperature (after 
about 15 min. operation) to minimise the 
possibility of noisy irregularity in the discharge. 

The end of the discharge within each lamp is 
projected by a condenser lens into the objective 
lens. Adjacent to the condenser lens is an 
inclined mirror which has a clear line along its 
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Fig. 1 Optical unit for variable-density recording. 


length. A line of light from each lamp, of uni- 
form luminosity, is therefore projected on to the 
film, the luminosity depending on the signal 
applied to the amplifier. The major part of the 
light passing through each condenser lens is 
directed upwards on to separate photocells; 
the angle of collection of light for monitoring is 
therefore the same as that for exposure on the 
film. 

Each of the two lamps for recording informa- 
tion is horizontal and inclined slightly to the 
optical axis in plan view. A third lamp is 
provided and, to permit the tracks to be close 
together on the film, this lamp is mounted 
vertically and the light path from it is brought 
in by a mirror between the light paths of the two 
other lamps. This comparison lamp, the light 
output of which is not modulated, is used to 
give some cancellation of any effects which 
influence the whole film or the modulated and 
unmodulated lamps together. A fourth lamp 
with a rectangular aperture over the end of its 
discharge is reflected by a mirror into the objec- 
tive lens. This gives the additional track on 
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Fig. 3 Overall errors in amplitude linearity : 
(a) variable-density, (5) variable-area systems. 
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Fig. 4 Overal) errors in frequency response: 
variable-density system 
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Fig. 5 Overall errors in frequency response : 
variable-area system. 
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Fig. 6 Overall errors in amplitude linearity : 
transcriber system. 
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the film for timing marks or a reference frequency. 
The three important tracks are each 0:15 in. 
wide and are placed within the standard cine- 
matograph picture area; the timing track is of 
standard sound-track width and position. 

For each speed of film movement used in 
recording, an appropriate neutral-density filter 
must be slipped into the optical unit to compen- 
sate for the different times of exposure of the 
film. The correct densities were determined 
experimentally. Each modulated lamp has a 
cathode-ray tube associated with it to give a 
visual indication that the range of modulation is 
not exceeded. The oscillographs also serve 
another most useful function, for they show 
whether the lamp is suffering from an irregular or 
noisy discharge. 


VARIABLE-AREA RECORDING 


When preliminary consideration was being 
given to devising equipment for the present 
application, no method of variable-area recording 
appeared to show much promise. However, 
such were the advantages of a system which 
relied on a dimensional effect on the photo- 
graphic film rather than on a transmission 
which requires precision processing, that it 
appeared to be worth while to develop variable- 
area recording equipment. It was only later 
that a secondary advantage was fully realised, 
that there was a very large increase in the quantity 
of light transmitted through the film during read- 
ing which improves the performance of the 
reproducing equipment. The _ variable-area 
records are also much easier to interpret visually. 

At the completion of the development stage, 
the variable-area equipment had been found 
to give superior results with respect to amplitude 
accuracy, frequency response and noise level. 
Subsequent experience under practical conditions 
showed advantages of simpler operation, greater 
reliability and superior constancy of calibration. 

The modulators in the optical unit are Duddell- 
type oscillographs. The moving element com- 
prises a single loop of Duralumin wire, held taut 
between the poles of a magnet, and carrying at 
its centre a mirror 0-060 in. by 0-022 in. Below 
the resonant frequency (normally about 10 kilo- 
cycles per second) this behaves entirely as a 
simple mechanical system. The whole is filled 
with silicone fluid. 

The optical system for the modulators was 
developed from that designed for sound recording. 
As shown in Fig. 2, the lamp is projected by the 
condenser lenses C, on to the mirror of the 
modulator, and the virtual filament in the 
mirror is projected by the second condenser C, 
and field lens F into the objective lens. Conse- 
quently C, and C, would appear uniformly and 
brilliantly lit. A V-shaped mask is held over C, 
and projected by the lens L on to a clear slit 
formed across an otherwise opaque coating on 
C;. This slit is projected by the objective on 
to the film. When the mirror in the modulator 
rotates, the image of the mask moves across the 
slit and the length of the illuminated part of the 
slit is changed. As the film moves, therefore, 
a track of variable width is exposed. 

In the device used, that part of the optical 
system from the lamp via the modulator to the 
condenser C, is duplicated, the two optical axes 
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Fig. 2 Optical unit for variable-area recording. 


being parallel to, but displaced from, the main 
optical axis. Thereafter the light passes through 
the outer parts of the field lens F (shown trup- 
cated in Fig. 2) and is refracted into the objective 
lens. 

It is possible to modify the shape of each y- 
mask to correct for errors introduced by the 
optical system or modulators. Thus, following 
initial tests with a straight-sided mask, an error 
of 3 per cent. at maximum modulation was 
reduced, and the relation between the width of 
exposed track (0-005 to 0-240 in.) and the maxi- 
mum driving current of + 150 milliamperes was 
standardised. 

Further optical components (not shown) 
provide a slit of fixed length, to give on the film 
the reference track, which is unmodulated. 
The track for timing or frequency-calibration 
marks is exposed by one of the variable-intensity 
discharge lamps, the light from it being reflected 
into the objective lens. Wherever possible, 
standard cinematographic practice have been 
followed. This applies particularly to the 
processing. 

In common with other equivalent systems, an 
attenuation of higher frequencies is caused by 
the finite dimensions of the exposing slit. The 
effect is dependent on the size of the slit, in the 
direction of movement of the film, relative to the 
wavelength of the exposed trace. It occurs in 
both recording and reproducing, the errors being 
additive. An example of exposed film is shown 
in Fig. 7. 


THE TRANSCRIBER OR STEP- 
RECORDING EQUIPMENT 


Separate equipment has been made for record- 
ing on film information applied manually or 
mechanically. It is a means for transcribing 
data into a form suitable for the computer. 
The equipment comprises a film mechanism, 
similar to the continuous-film mechanism but 
differing in that the film is moved intermittently. 
An optical unit is attached, carrying two pairs 
of knobs for controlling two tracks of inde- 
pendently recorded information. These may be 
set manually, or may be coupled by extension- 
shafts to any external mechanism. The knobs 
being set, a foot-switch is pressed, a shutter 
gives an exposure on the film and then the film 
is moved forward by a distance exactly equal to 
the length of the exposed patch. The mech- 
anism may be set to give film movements of I, 
3, t ty a, Pos and +3 in. : 

After processing, the print is read in the 
equipment which is used for the reproduction of 
the records from the continuous recorders. It 
is calibrated over the range of 0 to 100, but 
normally when the film is read the output appears 
as +25 volts, with zero corresponding to the 
setting 50. 

The optical unit comprises a lamp, operated 
from a saturated-core stabilising transformer, 
projected by a pair of condenser lenses into an 
objective lens, the condenser therefore appearing 
to be of uniformluminosity. Adjacent to this con- 
denser is a system of masks which are projected 
on to the film by the objective. Two fixed strips 
define a central track, which corresponds to the 
unmodulated comparison track of the con- 
tinuous recorders, and is required for the 
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Fig. 7 Variable-area 
record, taken at 10 in. 
per sec. From left to 
right, 200 cycles, 100 
per cent. modulation; 
comparison track; 1,000 
cycles 50 per cent. mod- 
ulation; timing marks, 


50 cycles. 
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reproducing equipment. The outermost masks 
are controlled independently by either pair of 
setting knobs, each unit knob working through 
a differential screw thread. In addition, one of a 
set of masks may be dropped in to define the 
upper and lower extremes of the exposed areas. 

The shutter is operated by a solenoid, and a 
system of relays is used in the control unit to 
ensure that each exposure is followed with 
certainty by one film movement, and that the 
cycle of operations is independent of the manner 
in which the foot-switch is pressed. 

Exposure is made on the fourth track, corres- 
ponding to the timing track of the continuous 
recorders, by switching on a tungsten-filament 
lamp during one exposing cycle. It may be 
noted that an alternative method of using this 
optical unit is to attach it to the continuous- 
recording mechanism, and thus obtain a con- 
tinuous variable-area record of any mechanical 
motions which have been coupled to the operating 
shafts. 

An error in the length of movement of the film 
of 0-001 in. represents 10 per cent. of the shortest 
movement, and in certain circumstances this 
can give a significant error in the time scale on 
reproduction. 

The mechanism employed comprises an 
accurate ratchet wheel (of 300 teeth, correspond- 
ing to a 3-in. movement) on the shaft which 
carries the primary film-driving sprocket, engaged 
bya pawl onanarm. This arm is actuated by a 
cam, driven intermittently by a motor of the 
split-field type often used in servo systems. 
There is gearing of 1 : 10 ratio between the shaft 
carrying the cam and the shaft carrying the disc 
with which the contacts engage. Discs with 10, 
5,2 or 1 notches determine how many times the 
cam rotates for any one operation of the foot- 
switch, and interchangeable cams with a lift of 
1 or 10 teeth on the ratchet wheel allow selection 
of any of the range of movements. Thus the 
1 in. movement is obtained by ten steps, taking 
2:5 seconds. 

Very thorough tests have shown that the 
mechanism provides an accuracy of +0-001 in. 
under all conditions for the shorter film move- 
ments, and never more than -+0-003 in. error 
for the longest movements. 


REPRODUCTION OR PLAYBACK 


Reproduction of the signals recorded on the 
film is obtained by projecting a fine line of light 
across the film and measuring with photocells 
the luminous flux passing through the various 
tracks. The recording of an unmodulated com- 
parison or reference track is_ particularly 
important for the variable-density process. 

The signal obtained from the comparison track 
on repr »duction is subtracted from those obtained 
from tie modulated tracks. This gives good 
cancellation of effects of image spread on 
variabl. -area records, and also of mains hum and 
Spurious signals picked up in the input circuits 
of the :cproducing amplifier. 

Befo:: a recording is made, exposures should 
be mac’> on the film to permit the reproducin: 
€quipm.nt to be set up and calibrated. i 
techniq e is an important factor in the attain- 


ment of the accuracy of the whole system, which 
is made, in effect, into a comparator. With 
variable-density recording, calibration is needed 
on every length of film. For the variable-area 
system, experience may show that calibration at 
the time of recording is unnecessary, for the 
errors can be only second-order effects. 

Even with a lamp with a heavy filament 
(10 volt, 7-5 amperes) and the use of the com- 
parison track, a 100-cycles per second error 
signal would appear at the output if the lamp 
were fed with a 50-cycles per second alternating 
current. Accordingly, the mains supply after 
being transformed to a low voltage is rectified 
and smoothed to some extent. A saturated-core 
regulating transformer is used to minimise 
mains-voltage fluctuations. The signal from the 
unmodulated track is subtracted from the signal 
from each of the other tracks by inverting its 
phase and adding it in the network. 

The photocell for reproduction from the timing 
track is connected to a very simple amplifier. 
The accuracy of the instant of reading any 
timing marks on the film is quite high; the great- 
est error is probably associated with the width 
of the slit on recording, about 0-012 in. when 
projected on the film. 


VARIABLE-DENSITY PERFORMANCE 


The amplitude linearity of the variable-density 
system is greatly dependent on the photographic 
properties of the film. The requirement is to 
obtain a linear relationship between the exposing 
light and the light transmitted through the print. 
The photographic process is, however, essentially 
logarithmic. Optimum conditions therefore 
amount to an empirical compromise. For good 
overall linearity the print has to be made with 
only 10 per cent. transmission at the mid-point 
of the modulation range; to compensate for 
this, the slit on reproduction is normally 0-010 in. 
wide at the film, with attendant impairment of 
the higher-frequency signals. This may con- 
stitute a significant limitation of the variable- 
density system, unless an increase of noise level 
from the amplifier can be tolerated. 

The overall linearity was determined, and 
Fig. 3 shows the errors which fall within + 1-5 
per cent. except at the extremes of the range of 
modulation. To show the noise level a record- 
ing was made (at 5 in. per second) while the 
voltage at the input was changed suddenly from 
0 to 0-1 volt on the + 1 volt range. The output 
on reproduction (at 1 in. per second) was dis- 
played on a cathode-ray oscillograph photo- 
graphed with a moving-film camera, showing the 
noise to be about 3 per cent. peak-to-peak. 

To determine the frequency response of the 
variable-density film, a recording was made with 
signals of constant amplitude, and on reproduc- 
tion the output was measured by the backing-off 
technique. The results are shown in Fig. 5. 
In this experiment the film was recorded at 
10 in. per second and reproduced at 2 in. per 
second. 


VARIABLE-AREA PERFORMANCE 


Corresponding tests were made to determine 
the overall performance of the variable-area 
system. In general, these were carried out with 
a greater precision than the variable-density 
tests, partly owing to the better performance 
given by the system, and partly as a result of 
improvements in the experimental techniques. 

The amplitude linearity is shown in Fig. 4. 
The noise leve! seldom exceeded 1 per cent. 
peak-to-peak; at the maximum amplitude (wid- 
est track) this only increased to 1-5 per cent. 

The frequency response of the variable-area 
system was found to be affected by light-scatter 
in the optical systems and the films. The values 
are shown in Fig. 6. It is seen that under the 
best conditions the frequency response of the 
whole system has a maximum error of about 
10 per cent. Fig. 7 shows the amplitude errors 
of the whole transcriber system, including the 
reproducing equipment. Each exposed track 
is modulated on one side only, which somewhat 
exaggerates the errors due to the non-uniformity 
of the sensitivity of the photocells. 
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SEALED TRANSFORMERS* 
By E. B. Franklint 


The exposure of transformer oil to the atmo- 
sphere causes it to be oxidised at operating tem- 
peratures with the result that acids and sludge 
are formed and its life is limited. One method 
of overcoming these disadvantages is to seal the 
transformer in its tank and to provide a vessel 
or expansion space large enough to limit the 
gas pressures to a reasonable value. This expan- 
sion vessel or space may be initially filled with 
air or nitrogen. The Midlands _ Electricity 
Board are operating a number of such sealed 
transformers on an experimental basis, while 
their use is almost universal in America. Elec- 
tricité de France are also considering sealed 
transformers for distribution purposes. 

The pressure set up by the expansion of the 
oil in a sealed and loaded transformer does not 
depend on simple volume and temperature 
relations, since the gas in the expansion space is 
absorbed by the oil and in certain cases chemical 
reaction occurs. The solubility at a given tem- 
perature is proportional to the partial pressure 
of the gas over a wide range of pressures and is 
also affected to a slight extent by the temperature 
and by the viscosity. 


TEMPERATURE AND PRESSURE 
EFFECTS 


As the temperature of the oil rises it expands 
and compresses the gas in the expansion space. 
The gas is therefore dissolved in the oil, thus 
affording some pressure relief. This process 
continues until equilibrium is _ established 
between the partial pressure of the gas above the 
oil and that of the gas in solution. As the 
transformer cools the oil contracts and the pres- 
sure in the expansion space falls, but not to its 
original value for two reasons. One is that the 
oil may be unsaturated at the sealing pressure 
when the tank is sealed so that it is able to absorb 
more gas and in so doing to reduce the pressure 
in the expansion space. The other is that, even 
if the oil is saturated, most of the gas absorbed 
remains in solution after a period of operation 
when the transformer cools. 

Another factor in the determination of pres- 
sures is the gradual disappearance of the oxygen 
in the system owing to chemical reaction with 
the oil. The effect of this loss is to lower the 
pressure to a very low value when the trans- 
former is cooled after a period of operation at 
maximum temperature. 

As the temperature of the oil rises the partial 
pressures of the gases above it increase. The 
gases then pass into solution and their partial 
pressures rise at a rate depending on the arrange- 
ment of the expansion space and on the partial 
pressures of the gases above the oil. At full 
temperature the partial pressures of the gases 
above the oil and of those in solution may be 
equal. As the oil temperature is lowered the 
partial pressures of the gases above it fall, but 
those of the gases in solution may change 
only slightly. Thus the partial pressures of the 
latter exceed those of the gases above the oil by 
increasing amounts, the difference being greatest 
when the transformer is cold. 


ELECTRIC STRENGTH 


The electric strength of the oil varies with the 
gas pressure and may be seriously reduced if 
the negative pressure is high. A negative pres- 
sure is also undesirable since it encourages the 
chance of a leak of air into the transformer. 
Negative pressures may be avoided by sealing 
the transformers initially under pressure, although 
this has the disadvantage of increasing the 
maximum pressure at full load. Large negative 
pressures tend to occur if the transformers are 
filled under vacuum or with de-gassed oil, but 


* Paper read before the Supply Section of the 
Institution of Electrical Engineers on Wednesday, 
January 26. Abridged. 


+ Mr. Franklin is with Savoisienne Ateliers de 
Constructions Electriques de la Compagnie Général 
d’Electricité. 
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can be reduced by putting air—or preferably 
nitrogen—into the oil before sealing. 

The conclusion is reached that the operating 
pressures in sealed transformers are largely 
determined by the filling and sealing procedures. 
In transformers filled under vacuum, with de- 
gassed oil, or both, there may be a risk that the 
electric strength of the oil will be reduced owing 
to a combination of l7~ge negative pressures and 
excess amounts of gas in solution. If a large 


reduction in electric strength is to be avoided 
steps must be taken to limit the negative 
pressures. Research should be carried out to 
determine the variation in electric strength 
of the oil under conditions peculiar to sealed 
transformers. These tests should be made for 
oil with different degrees of contamination with 
fibres, since the greater the contamination the 
greater the effect of supersaturation and external 
pressure on breakdown. 


ROCKET PROPULSION FOR AIRCRAFT 
BOOST AND MAIN THRUST 


The possibilities of rocket propulsion for earth- 
bound piloted craft (as opposed to space vehicles 
or weapons), and some of the problems involved, 
were discussed in a lecture entitled ‘‘ The Prospects 
and Problems of Rocket Propulsion for Aircraft,” 
given by Professor A. D. Baxter, of the College of 
Aeronautics, Cranfield, before the Royal Aero- 
nautical Society at Cowes, Isle of Wight, on 
Thursday, February 10. A summary of his 
lecture is given below. 


The special features of the rocket motor, 
Professor Baxter said, were:—(i) thrust prac- 
tically independent of altitude and forward 
speed, (ii) very high ratios of thrust-to-weight 
and thrust-to-frontal area, and (iii) a very high 
specific fuel consumption. The rocket motor 
had no problems of variable intake geometry 
and exhaust nozzle shape as had the ram-jet 
and turbo-jet when required to operate over a 
wide speed range; and it might be up to 50 times 
lighter than the turbo-jet at high altitude. Its 
high fuel consumption rendered it impracticable 
as a conventional: power plant. For short 
operating times, however, the high weight of 
rocket propellant was more than offset by the 
low motor weight, as shown in Fig. 1. 

The rocket therefore demanded unorthodox 
operating techniques. It could develop larger 
thrusts at greater altitudes and higher speeds 
than any other form of power plant, and high- 
speed propulsion would be the ultimate field 
for the rocket motor. Before this stage arrived, 
however, the rocket motor could be beneficially 
employed as an accelerating unit for assisted 
take-off, climb-boosting, or level-flight accelera- 
tion. 

Thrust-boosting for take-off by rocket motor 
could be almost u:.limited, with small weight 
penalty, particularly since the rocket unit could 
be jettisoned after take-off. The most effective 
operating technique was not to apply rocket 
thrust thrcvghout the take off, but to apply a 
higher thrust during the later stages only. 

With climb-boosting, assuming a rocket-motor 
thrust equal to the turbo-jet sea-level static 
thrust, much greater altitudes could be reached 
than with the jet alone, and the time to height 
was small. Although the fuel available for level 
flight would be less, the endurance need not be 
very different since the lower jet thrust at higher 
altitude would require less fuel. 

By applying rocket boost in level flight, the 
time to reach top speed could be greatly reduced. 
Iu a typical example, accelerating from Mach 
0:9 to Mach 1 -3 at 50,000 ft. required five minutes 


on turbo-jets alone; even a small rocket motor 
would cut this to one minute, and the total 
propellant consumption would only be about 
twice that of the reheated turbo-jet operating 
alone over the longer period. Moreover, the 
additional excess thrust made relatively tight 
turns possible near maximum speed. 


BALLISTIC FLIGHT PATH 


Considering rocket motors for main thrust, 
ranges could be increased by following a ballistic 
trajectory from the ground until all the pro- 
pellant was used. The kinetic and potential 
energy stored in the aircraft could then be 
used to overcome the drag, which at the very 
high altitude attained would be low. As an 
example, the trajectory of a V.2 with wings would 
be as shown in Fig. 2. The vehicle would cover 
almost 600 miles in 20 minutes, and would land 
at 90 m.p.h. The payload would not be large 
but much larger craft could be designed with 
payload and propellant both increased. The 
future of the rocket as main power plant lay 
in this technique. 

There were, Professor Baxter said, two 
reasons for the rocket’s high propellant con- 
sumption: firstly, the oxidant had to be carried 
in the aircraft and secondly, the inherently high 
jet velocity of the rocket. These two factors 
combined gave consumption nearly 18 times 
that of the turbo-jet. It could be improved by 
raising the ratio of combustion-gas pressure to 
exhaust-gas pressure, but above 20 to 1 the 
rate of improvement fell off rapidly; moreover, 
the gains must be balanced against the increased 
nozzle weight. 

The other possibility was to increase the value 
of gas temperature T divided by gas molecular 
weight M. Considering a liquid-oxygen/pro- 


pellant combination, the optimum M occurred 


at a gas temperature of 3,280 deg. K. Thus the 
heat transfer problem was formidable, and even 
if propellants with higher gas temperatures were 
available, they probably could not be used until 
cooling techniques improved. 

The alternative, a reduction in molecular 
weight, implied a fuel rich in hydrogen, e.g., 
hydrazine or ammonia. However, such fuels 
gave a poor volume specific impulse compared 
with hydrocarbons. Of the three oxidants in 
common use, hydrogen peroxide and nitric acid 
were practically equal and better than liquid 
oxygen. Since hydrogen peroxide had a com- 
bustion temperature of only 2,600 deg. K., 
compared with 2,950 deg. K. for nitric acid and 
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that of the equivalent turbo-jet with full after- 
burning. 


nearly 3,300 deg. K. for liquid oxygen, and since 
it could provide energy directly for driving 
turbo pumps and accessories, the lecturer 
considered it pre-eminent. 


INCREASING THRUST BY 
AUGMENTER DUCT 


One further possibility was the use of an air 
augmenter duct surrounding the rocket jet to 
give an increase in thrust. Theoretically, the 
increase depended on the mass flow ratio of the 
augmenter duct and the rocket jet; e.g., at a 
mass ratio of 10 to 1, the thrust increase would 
be 40 per cent. at take-off, zero at 450 m.p.h. 
and 5 per cent. at 1,000 m.p.h. The advantage 
would thus apply mainly to take-off, especially 
since drag losses were likely to be large at high 
speed. 

After considering the effects of combustion 
pressure on motor weight, the lecturer discussed 
combustion chamber design in some detail. 
On the problem of heat transfer, he said that the 
usual method for cooling the combustion- 
chamber walls was by passing the liquid pro- 
pellant through a jacket surrounding the chamber 
before injecting it through the burner head. 


IMPROVING HEAT TRANSFER 


For higher gas temperatures, it would be 
necessary to reduce the heat-transfer between 
gas and wall and to increase it between wall and 
liquid. An artificial boundary layer of coal gas 
could be introduced by allowing a liquid film to 
flow on to the chamber wall. At present, the 
gain in performance using this technique was 
offset by the large amount of additional coolant 
required. 

On the liquid side of the wall, heat transfer 
could be improved by nucleate boiling—allowing 
the liquid boundary layer to boil and form small 
bubbles which were swept off the wall into the 
main mass of coolant. There was a danger that 
the bubbles might coalesce and prevent liquid 
reaching the wall, but if the process could be 
controlled properly it would assist materially in 
improving motor performance. As_ regards 
wall materials, aluminium gave a much lower 
wall temperature than steels, but its strength was 
negligible at the temperatures involved. The 
poor conductivity of heat-resisting steels counter- 
balanced their superior strength, and on the 
whole mild steel was as good as any material. 

After discussing the problems of controlling 
propellant supply, starting, and thrust variat.on, 
Professor Baxter summed up the situation thus: 
relatively small improvements could be expected 
in specific fuel consumption; there was a great 
need for better heat transfer and motor coo!!ng; 
and there were good hopes for reducing motor 
specific weight. 
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CUR.ENT AT CONSTANT FREQUENCY 


FROM A VARIABLE-SPEED DRIVE 


ENGLISH ELECTRIC-SUNDSTRAND SYSTEM 
FOR AIRCRAFT 


The applicotions of electrical power on aircraft 
are becoming more and more important as 
speeds an altitudes continue to increase. 
Hitherto, as far as British aircraft are concerned, 
the power has usually been supplied by direct- 
current geiierators but it has been found difficult 
to meet some of the exacting requirements of 
modern aircraft with direct-current equipment. 
On the other hand, a constant-frequency altern- 
ating-current power system, of which the 
Sundstrand constant-speed drive is the key 
component and which has been developed in the 
United States, is claimed to have many important 
advantages in comparison with direct-current 
systems, the most important of which are 
reduced weight, improved overall efficiency and 
increased reliability. In view of these claims the 
recent announcement that the English Electric 
Company, Limited, are to manufacture equip- 
ment for complete alternating-current systems is 
of considerable interest and importance to 
British aircraft designers. The hydro-mechanical 
components of the system will be manufactured 
at the Netherton (Liverpool) Works of the 
company. 

It should be pointed out that the Sundstrand 
drive forms a link between the engines of the 
aircraft, which are the basic source of power, 
and the electrical equipment, including radar, 
which requires for its operation a_ steady 
alternating current of constant frequency. The 
speed of the aeroplane engines naturally varies 
over a wide range, but the Sundstrand drive 
maintains a constant speed for the alternators, 
independently of the engine speed, which con- 
sequently supply a current of constant frequency. 
With multi-engined aircraft it is usual to have 
aconstant-speed drive and alternator driven from 
each engine so that in the event of the failure of 
one engine the electrical load is immediately 
taken up by the other units, thus providing an 
additional safety factor. 


THE CONSTANT-SPEED DRIVE 


Of the components essential to the system the 
most interesting is the constant-speed drive. 
Each alternator is driven from a main engine 
through its own constant-speed drive and Fig. 1 
shows a complete unit in which the alternator 
is on the left and the constant-speed drive on 
the right. Fig. 2 is an isometric sketch showing 
the construction of the drive, and Fig. 3 is a 
schematic diagram illustrating its principles. 
The type of drive first produced by the English 
Electric Company will transmit 50 h.p. con- 
tinuously and will drive the alternator at 
4 constant speed of 6,000 r.p.m. with an input 
speed range of 3,000 to 8,300 r.p.m.; other types 
will be available in due course. The alternator 
generates three-phase current at 200 volts and at 
a frequency of 400 cycles per second, constant 
to within + 1 per cent. under all conditions of 
load and input speed. This system makes it 
possible to use robust designs of squirrel-cage 
motors for numerous applications, and current 
supplies at various voltages can be made avail- 
able for special equipment by transformers. 
Complete ranges of suitable motors and trans- 
formers are being produced. 

As will be clear from Fig. 3, the drive 
comprises a variable-displacement axial-piston 
‘ype pum» and a_ fixed-displacement axial- 
Piston type motor housed in a common cylinder 
block, with a port plate 1 in between to direct 
the oil flo'y between the pump and the motor. 
Power fron the aircraft engine is applied to 
ie transmission by the input shaft and is 
‘ransmitte’ through gears 2 to the cylinder- 
block asse: bly. The make-up and scavenging- 
oil pumps 3 and 4, indicated in Fig. 2, start 
up at the ame time. As the main pump and 


motor are not self-priming, the gear-type 
make-up oil pump 3 is used to deliver oil to the 
pump and motor assembly and the governor 
system. This make-up oil pump supplies the 
inlet of the main piston pump and motor so 
that the pistons 5 and push rods 6, shown in 
Fig. 3, will be held in contact with the output 
controlling swashplate assembly and ensures 
that a full charge of oil will be maintained in the 
high-pressure hydraulic circuit. 

The variable-displacement pump consists of 
the cylinder-block assembly 7, the pump swash- 
plate assembly 8, and the manifold assembly 9. 
As the make-up pressure holds the pistons against 
the swashplate assembly the pistons are caused 
to reciprocate when the cylinder block is rotated. 
The displacement of the pump is regulated by the 
angle of the swashplate which is determined by 
the governor system through a hydraulic signal. 
The manifold system serves to deliver make-up 
oil to the pump and return oil to the pressurised 
case. 

The fixed-displacement motor consists of the 
cylinder-block assembly and the swashplate 
drive shaft assembly 10. The motor cylinder- 
block assembly receives high-pressure oil which 
forces the pistons to move out against the 
fixed-angle swashplate, thus converting the 
axial-piston movement into rotary motion. 
The swashplate is free to rotate independently of 
the rotating cylinder block and thus can operate 
at speeds in excess of or below that of the latter. 
The offset of the motor valve plate is always in 
the same position with respect to the angular 
position of the swashplate, this being such that 
the motor push rods are exerting a clockwise 
torque on the swashplate. With the pump 
swashplate in maximum overdrive (maximum 
positive angle) the output shaft is overspeeding 


Fig. 1 40-kVA English 
Electric - Sundstrand 


drive and alternator. 


Fig. 2 Isometric sketch 
of constant-speed drive. 
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the input shaft. This overspeed is the ratio of 
the maximum pump displacement to the fixed 
displacement of the motor. The swashplate 
remains in this maximum stroke position until 
the output speed reaches 6,000 r.p.m. With 
further increase in input speed the normal 
tendency is to increase the output speed, but at 
this point the governor regulates the control 
piston and swashplate assembly to decrease the 
pump piston stroke. Less oil then flows from 
the pump to the motor and the differential speed 
between the motor shaft and the cylinder block 
is reduced to retain the constant output speed. 

When the input speed exceeds the output speed 
the cylinder-block assembly will be turning 
faster than the motor shaft which always operates 
at constant speed. Relative motion between the 
cylinder block and motor shaft will now be in 
a reverse direction, since it is now necessary to 
subtract from the input speed to maintain the 
governed output speed. Due to the fact that 
the cylinder block is overspeeding the motor 
shaft, the pump swashplate is held in an under- 
drive position (negative angle) which permits an 
oil flow from the motor to the pump. In effect, 
the pump is now motoring and the power flow 
in the hydraulic units is reversed. The alterna- 
tor is driven through a full complement over- 
running sprag-type one-way clutch located in 
the output gear and clutch assembly 11, of the 
transmission. This clutch is necessary to prevent 
power from being directed through the trans- 
mission opposite to that from the main aircraft 
engine when the alternator is tending to act as 
a motor. 

To consider now the hydraulic circuit, the 
initial rotation of the input shaft starts the 
cylinder block assembly rotating as well as the 
charge and scavenge-oil pumps. The charge 
pump picks up oil from the external reservoir and 
delivers it through the oil filter and manifold 
assembly to the charge-oil section between the 
pump and motor cylinder blocks. Oil returns 
from the cylinder-block assembly through the 
manifold return line to the charge pressure 
relief valve. This maintains the charge pressure 
at 300 Ib. per square inch, the excess passing over 
into the pressurised case. The purpose of the 
latter is to supply pressure lubrication to the 
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various rotating parts of the transmission through 
suitably located jet nozzles. Oil drains from the 
pressurised case to the unpressurised case 
through the lubricating-oil relief valve which is 
adjusted to open at 20 lb. per square inch. 
Leakage from the cylinder-block assembly and 
lubricating oil which drains back into the un- 
pressurised case is picked up by the scavenge 
pump and returned to the reservoir. An oil 
reservoir, filter and cooler are required external 
to the drive. 

The functions of the governor system are to 
control the output speed, and thus the alternator 
frequency, and to equalise the total load among 
the paralleled alternators. Each drive-alternator 
control system consists of a governor control, 
a precision frequency-control motor, and a 
frequency and load controller. The arrangement 
and operation of these elements make it possible 
accurately to control the pump swashplate angle 
through the control pistons and hence to control 
the output speed of the transmission. By this 
means the frequency of the system is held within 
+ 1 per cent. over the full range of load and 
input-speed conditions. 

The governor control is a_ spring-biassed 
flyball-operated hydraulic control valve, the 
function of which is to control the porting of oil 
to the overdrive and underdrive control cylin- 
ders. A rotating sleeve in the governor control 
is driven from an output gear of the drive and is 
therefore responsive to the output speed. At one 
end of the sleeve are two flyweights the arms of 
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which tend to move a two-land valve stem in the 
sleeve against the tension of two springs: the 
main spring, of which the tension is pre-set, 
and a smaller bias spring the tension of which 
is controlled through a plunger rod by the 
frequency-control motor. Four ports connect 
to the valve chamber in the sleeve: an inlet port 
carrying make-up pressure oil, a port which 
drains to the lubrication circuit and ports to the 
overdrive and underdrive control cylinders, 
respectively. The groove between the valve 
stem lands is opposite the port carrying make-up 
pressure oil. When the output speed of the 
drive varies from the set value, as during starting 
or changes in load, the valve stem moves up or 
down, porting make-up pressure oil to either the 
underdrive control cylinder or the overdrive 
control cylinder and porting the other to drive 
into the lubrication circuit. When the output 
speed is correct, the valve stem will be located 
so that its lands cover the ports to both control 
cylinders and the pump swashplate will be held 
in position. 

The sharing of the load between parallel-running 
alternators and drives is accomplished by auto- 
matically-adjusting the spring bias of the governor 
control associated with each drive. The spring 
bias is adjusted by means of a small geared 
two-phase induction motor which receives 
signals from a magnetic amplifier controlled by 
current transformers in each of the alternator 
circuits. Under steady state conditions load 
sharing is achieved to within 2 kW. The 





Fig. 4 Test rig driven by two Meteor engines at Napier’s Acton Works. 
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40-kVA drive is rated for a continuows full jog 
of 50 h.p., an intermittent load of 75 hp, for 
5 minutes and an intermittent load «. 109 hp 
for 5 seconds. ai 

Reactive-load sharing is achieved b: arranging 
a current transformer and mutual ecactor to 
trim the setting of the voltage regulat r associa. 
ted with each alternator. 


TEST RIG AT ACTON WORKS 


To enable Sundstrand units to be subjecteg 
to the kind of duties they will experience jp , 
multi-engined aircraft, the English Electric 
Company have installed a comprehensive tes, 
rig in the Acton Works of D. Napier and Sop 
Limited, and we were recently able to see q 
demonstration carried out on this installation, 
Fig. 4 shows the control panel, with two Sunq. 
strand drives and alternators behind it, each 
being driven by a Meteor engine mounted 
in a separate room, together with its associated 
oil and coolant systems. The drive from 
each engine is speeded up through a gearbox 
with a 34 to 1 ratio, and is taken to the 
Sundstrand unit through a torque meter. The 
meters on the control panel show the input 
speed, frequency, real and reactive power, Voltage 
and current; there is a separate panel for the 
engine controls. In addition to the meters, 
there is a system of switches which, operating 
through relays, enable a selection of resistive 
and reactive loads to be applied and one switch 
which applies a pulse load of 8 kW for 40 milli- 
seconds in every half second to simulate a radar- 
type installation. The circuit-breakers for each 
set are mounted on one of the panels, together 
with a synchronising lamp circuit which is used 
for the manual synchronising of the machines, 
For development purposes only, the alternators 
are provided with separate exciters; in the 
normal airborne installations the exciter will be 
combined with the alternator in each case, 
In the demonstration installation a system of 
blast air cooling is supplied to the machines 
from external fans. The Sundstrand units are 
complete, with the exception of the oil system 
which is taken into the engine cell and consists 
of a supply tank, filter and heat exchanger. 

In the recent demonstration the schedule’ was 
arranged to show the performance of the Sund- 
strand unit, first when acting singly and then in 
parallel. One set was started up with no load 
and it was shown that the unit was capable of 
maintaining a constant output speed under steady 
and transient conditions. Electrical loads were 
then applied in various increments and the drive 
run at different speeds to show its characteristics. 
With one set running on load, the second set 
was started up and run in parallel and the various 
duties repeated. The two sets were then run 
together one at an increasing speed and the other 
at a decreasing speed, the electrical loads being 
changed from time to time. Finally, on shutting 
down, one of the machines was used to demon- 
strate the under-speed protection device which 
comes into operation when the input speed 
falls below the minimum governing speed, 
as in the case of an engine failure. In this event 
the switch breaks a relay in series with the 
circuit-breaker and disconnects the alternator 
from the *bus-bar. The demonstration was 
entirely satisfactory. 


x k * 
SWITCHES WITH SAFETY LOCKS 


For the purposes of safety it is often desirable 
that the operation of switches should be limited 
to an authorised person. This is sometimes 
ensured by fitting a lock to the switch, which can 
then only be operated by the holder of the key. 
With this end in view, Crater Products, Limited, 
The Lye, St. Johns, Woking, Surrey, have intro- 
duced a barrel-type lock which can be fitted to 
their range of rotary switches. A large number 
of different key sequences is available and the 
locks can be made so that the keys can or cannot 
be withdrawn when the switch is in certain 
positions. More than one key can be made for 
each lock if required. 
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SILENCING PISTON-ENGINE AIRCRAFT 


EXPERIMENTAL HELICOPTER INSTALLATION 


In this article, which is based on information 
supplied by Mr. G. H. Vokes, the principle of the 
exhaust silencer developed experimentally for the 
Westland S.55 Whirlwind helicopter by Vokes 
Limited, Henley Park, near Guildford, Surrey, is 


described. 


Last year when helicopters started to operate 
from Waterloo Air Terminal, and the plans for 
British European Airways’ feeder service between 
Waterloo and London Airport were announced, 
serious objections were raised both in Parliament 
and elsewhere on account of the noise of the 
helicopter when taking-off and landing. 

Those who have seen and heard the French 
SNCASO Djinn helicopter—which is reaction- 
driven by quiet cold-jet units—in flight at close 
quarters, will probably agree that the noise 
nuisance due to the rotor is far less objectionable 
than that created by the exhaust from the piston 
engine of the more conventional type of heli- 
copter. Means for effectively silencing piston 
engines in fixed-wing aircraft were developed 
some 20 years ago, as described in a Letter to the 
Editor by Mr. C. G. Vokes (ENGINEERING, page 
167, vol. 178, 1954). Although the silencing 
of a helicopter is in some ways easier in that space 
and drag considerations are less critical than in a 
fixed-wing machine, any weight penalty incurred 
will seriously limit the payload, which is inherently 
smaller in the helicopter. 

The silencing system for the Whirlwind was 
designed for easy external attachment, to investi- 
gate whether the desired acoustic performance 
could be obtained without reducing power output. 
Thus the bulk and weight of the system, which 
included several feet of 6-in. diameter piping 
between engine and silencer was relatively high, 
although the effective components, namely the 
integral silencer tail-pipe assembly, did not 
exceed 60 lb. A later silencing system designed 
integrally with the exhaust would show a useful 
weight saving for equivalent performance. 


ELECTRICAL ANALOGY 


A preliminary assessment of the acoustic 
requirements suggested that the best results were 
likely to be obtained by applying principles 
based on analogous electrical theory.* In the 
past, the silencing of exhaust noises has been 
inseparable from back-pressure, because the 
usual silencing means involved baffling, splitting 
or spinning the gas flow, processes which do not 
differentiate vastly in their restrictive effects 
between pulse flow and steady flow. In elec- 


* “Elements of Acoustical Engineering *’ by H. F. 
Olson. D. Van Nostrand Company Incorporated, 
New York and London. 








trical terms, the direct-current resistance would 
be almost as high as the total reactance of the 
system to alternating current. 

The requirements of an electrical smoothing 
circuit, or an acoustic silencer, are: a high 
series-inductance blocking pulsations, but allow- 
ing the passage of a steady flow; and a high 
shunt capacitance, by-passing or absorbing the 
pulsations. 

Thus for a silencer design that can differ- 
entiate between the ‘ D.C.”’—i.e. the steady 
exhaust gas flow and the “ A.C.,” represented 
by noise and pulsations in the exhaust gases, 
the requirement is: (1) maximum “‘ capacitance ” 
—i.e., maximum volume in the silencer; (2) 
maximum ‘“ inductance,” represented by the 
gas column in the piping system and in the 
silencer; and (3) the best use of available 
capacitance and inductance to form an effective 
smoothing circuit and capable of concentrating 
on the most objectionable frequencies in a given 
system. This generally involves splitting the 
system into a number of components rather than 
employing a simple expansion chamber arrange- 
ment. 

The nine-cylinder Pratt and Whitney engine 
in the Westland §S.55 helicopter develops 600 
brake horse-power at 2,250 r.p.m. A rough 
calculation suggests 1,700 cub. ft. per minute as 
a reasonable gas-flow estimate, representing a 
velocity of some 8,500 ft. per minute in the 
6-in. diameter exhaust pipe. For best series- 
inductive effect, the tube diameter should be a 
minimum, and as the gas path through this 
silencer would be quite uninterrupted. It was 
considered safe to reduce the diameter to 5} in. 
Performance subsequently confirmed that the 
resultant minimum cross-sectional area of 
21-6 square inches was satisfactory from all 
aspects. 

Since the firing frequency of the engine at 
2,250 r.p.m. is 169 cycles per second, the two 
main chambers were tuned nominally to 170 c.p.s. 
and one subsidiary chamber to the second 
harmonic—i.e., 340 c.p.s. 

It was realised that high-frequency attenuation 
(say, over 1,000 c.p.s.) might not be adequate 
with the basic arrangement, and so it was decided 
to utilise the tail-pipe portion as an integral part 
of the silencing system. The tail pipe was 
initially calculated to avoid resonance at the 
firing frequency and to possess sufficient length 
to reinforce the inductive effect of the silencer 
centre tube, and so maintain good sound attenua- 
tion at lower frequencies; to retain this benefit 
higher up the spectrum, the tail-pipe section was 
fabricated from two concentric tubes with an 
annular space between. The inner tube was of 


In the Vokes experi- 
mental silencer fitted 
on the Westland S.55 
helicopter two main 
chambers are tuned 
to the fundamental 
frequency, and a 
smaller chamber to 
higher harmonics. 
The tail pipe is lagged 
to absorb very high 
frequencies. 
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perforated metal, the outer one solid, the annulus 
being packed with fibrous sound-absorbent 
material. 


LOW INTERNAL LOSSES 


The outlet was required to be deflected away 
from the helicopter fuselage and was designed 
so that the ultimate discharge was of lower 
velocity than the gas flow in the silencer, so 
ensuring good scavenging. For this purpose 
splitters were incorporated. A back pressure 
of 1-7 in. w.g. was recorded on a 600-h.p. Hall- 
Scott engine used for preliminary bench tests, 
and while not necessarily representative of con- 
ditions on the Pratt and Whitney engine, the 
indication is of exceptionally low internal losses. 

The general layout of the silencer is shown in 
the accompanying illustration. Further develop- 
ment of this basic design is under consideration 
and it is anticipated that the weight can be further 
reduced and the system made less bulky. 

At the time of writing, the results.of the 
official National Physical Laboratory sound- 
level measurements made at the Yeovil works of 
Westland Aircraft Limited, are awaited, but it is 
understood that the reduction in total noise from 
the helicopter (including rotor and propeller 
noise) was some 10 decibels. It is believed that 
the exhaust noise attenuation now secured is 
adequate, and further reduction from this source 
would have little audible effect. 

The effect on engine performance is also not 
yet known, but the helicopter pilot reports that, 
if anything, the performance of the aircraft is 
improved; this is not impossible, as the flow- 
restriction characteristics of this silencer are 
known to be little, if any, greater than a plain 
tube of similar diameter and length, while some 
slight power regain may result from an interaction 
between engine-exhaust timing and the presence 
of a high-velocity column of gas in the exhaust 
system. Moreover, the final discharge to 
atmosphere is of lower velocity than from the 
normal exhaust outlet. 


x k * 


THE INSTITUTE OF 
METALS 


Annual Spring Meeting, London 


The Spring meeting of the Institute of Metals 
will be held in London from Tuesday, March 29, 
until Friday, April 1. 

The meeting opens at 7 p.m. on the first day 
at the Royal Institution, Albemarle-street, W.1, 
when Professor F. C. Frank, O.B.E., F.R.S., of 
the University of Bristol, will deliver the May 
Lecture, on “‘ The Nature of the Real Crystal.” 
The remainder of the technical sessions will be 
held at Church House, Great Smith-street, 
London, S.W.1. The Institute’s annual general 
meeting will be held at 10 a.m. on Wednesday, 
March 30, when Dr. Maurice Cook will be 
installed as the new President. 

In the afternoon of March 30 two simul- 
taneous technical sessions will be held, from 
2.30 to 4.30, the theme of session “‘A’’ being 
‘** Refractories for Low-Frequency Induction 
Furnaces ”’ and that of session “* B,” “* Fatigue.” 

In the evening, from 8 until 11, an informal 
conversazione and exhibition will be held. 

In the morning and afternoon of Thursday, 
March 31, two simultaneous technical sessions 
will again be held, from 10 a.m. until 12,45 p.m., 
and from 2.30 until 4.30 p.m. The proceedings 
of programme ‘‘A” at the morning and the 
afternoon sessions will consist of a symposium 
on “‘ The Control of Quality in the Production 
of Wrought Non-Ferrous Metals and Alloys.” 
Part III. ‘* The Control of Quality in Heat- 
Treatment and Final Operations.” 

The theme of programme “ B,”’ in the morning, 
will be ‘“‘ The Constitution of Uranium Alloys ” 
and, in the afternoon, first, ‘‘ Twinning ”’ and, 
finally, ‘‘ Deformation arid Fracture of Zinc.” 

In the evening, at 7 to 7.30, the Institute’s 
annual dinner and dance will be held. The 
last day of the meeting, Friday, April 1, will 
be devoted to visits to works. 
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Fig. 1 A predecessor of the Ferranti ‘‘ Pegasus ’’ computer is the ‘‘ Manchester ’’ computer illustrated 
here. Control panel, cooling ducts, monitor display tubes and, on the left of the desk, a high-speed tape 
reader are shown. 


DATA PROCESSING MACHINES 


FERRANTI TO COLLABORATE WITH POWERS-SAMAS 
IN COMPUTER PRODUCTION 


The handling of information by automatic 
machines is playing an increasing part in busi- 
ness and industrial administration and more 
generally in the solution of any form of problem 
involving large quantities of data. To promote 
more rapid development in the design of data- 
processing machines, and to provide a basis for 
exchange of ideas, Ferranti Limited, Moston, 
Manchester 10, and Powers-Samas Accounting 
Machines Limited, Holborn Bars, London, 
E.C.1, have undertaken to collaborate in the 
production of equipment for this purpose. 
Independently, Ferranti Limited are planning 
to introduce during the current year the ‘* Pega- 
sus’ packaged computer, while the Powers- 
Samas “P.C.C.” (programme controlled com- 
puter) is expected to become available within 
the same period. 

One of the principal aims of the collaboration 
scheme is the development of a range of machines 
and components—with items made by each firm 
—which can be linked together in a variety of 
ways in order to comply with the requirements 
of any particular user. The contribution to be 
made by Ferranti in the collaboration will be 
based on their extensive knowledge and long 
experience in the design, construction and opera- 
tion of large-scale digital computers and in the 
field of electronics generally. Ferranti Limited 
have been concerned with electronic computers 
for a number of years and claim that they were 
the first to offer—in 1951—a commercially 
available computer in this country. Known as 
the “* Manchester ” Electronic Computer, it has 
since proved to be of wide application, and models 
have been installed in Canada, Holland, Italy 
and many parts of the United Kingdom. A 
computer of this kind is illustrated in Fig. 1. 


PUNCHED CARDS AND ACCOUNTING 


The part to be played by Powers-Samas will 
be based on their experience of mainly mechanical 
data-processing equipment. For over 40 years, 
this company has been manufacturing punched- 
card machines in England, and recently in their 
medium- and large-card units they have, in 
addition, applied electronic principles. They 
believe that their ‘“*E.M.P.” (electronic multi- 
plying punch) was the first device of its kind 
to be produced on a large scale in this country. 
Further resources provided by Powers-Samas 


in their collaboration with Ferranti Limited are 
their knowledge of modern accounting and 
administrative requirements, and their connec- 
tions in this field throughout the world. 

Data processing is concerned with the efficient 
and accurate handling of large quantities of 
information, and the processes involved include 
collating, sorting and computing. Its essence 
is speed and the replacement of human labour, 
and its ultimate objective the development of an 
entirely electronic office. With its aid the most 
effective and economic use can be made of man- 
power, and in modern business administration 
it is occupying an increasingly important place. 


*P.C.C.”? AND ‘‘ PEGASUS ” 


An example of the type of machine used for 
this purpose is the Powers-Samas programme 
controlled computer, which is now in production 
and is to be introduced this year. The P.C.C. 
is a small electronic computer designed to be used 
with punched-card outfits and capable of per- 
forming complete pay calculations from gross to 
net at a rate of 120 cards a minute. It can in 
addition deal with stores and ledger work and 
most problems of this kind encountered in 
industry. Four separate punched cards are 
provided to receive the programme of instruc- 
tions, and for each data card passing through 
the machine, the three operations of detecting 
the punched holes, performing the calculation 
and punching the result are completed in half a 
second. 

Another form of computer which is also a 
standard model suitable for use by companies 
on their own premises is the Ferranti Pegasus 
Computer, or Packaged Computer number 1 
(F.P.C.1). It is at present in production and is 
expected to be ready during the year. It is a 
medium-sized general-purpose electronic digital 
computer which is manufactured under patent 
licence granted by the National Research 
Development Corporation, and can perform 
a wide variety of complex calculations 
rapidly and accurately. The makers state that 
the machine has been specially designed to 
simplify the preparing of calculation pro- 
grammes. 

To transmit these instructions to the machine, 
the programme is coded and punched on to 
teleprinter paper tape, which is fed into the 
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computer and “read” by means f photo. 
electric cells. The arrangement of th holes in 
the paper tape conveys the appropriat informa. 
tion to the machine in the manner ir ‘icated jp 
Fig. 2. On completion of a calcu ation the 
results are presented on punched p per 
which passes to an automatic type-riter for 
conversion to a directly readable form. 
ment is also made for the later additio . of input 
and output mechanisms including a. igh-speed 
line-at-a-time printer, punched cards ind 
netic tape. A switching system is provided to 
enable any of these to be rapidly selected 
Fig. 2 shows the way in which the dizits 1 to9 
and the cipher 0 are represented on the paper 
tape. As will be observed, each row co 
ing to a figure contains an odd number of holes: 
this provides a means of checking, since if an 
error has occurred and a hole has been omitted 
or an additional one inserted the result 
character would not represent a number but 
some other symbol. On input the check js 
made by the computer, and on output any such 
error would be immediately apparent. Monitor. 
ing devices, which include a provision whereby 
the calculation can be interrupted at any point, 
and other means of checking results auto. 
matically are incorporated, together with testing 
facilities for detecting faulty components before 
they fail in normal use. 


PACKAGED PLUG-IN COMPONENTS 


An important feature of the machine is the 
use of “‘ packaged’ components. These consist 
of standardised plug-in units on a chassis base 
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Fig. 2 Representation of digits on punched 


paper tape. In each case an odd number of holes 
corresponds to a digit, thus providing a check. 
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Fig. 3 Layout of nickel delay-line computing 
store. Pulses representing digits are amplified 
and recirculated; numbers are thus held con- 
tinuously in immediate readiness for computation. 


(2721.C) 






N alk 


NN 258 
Cut-Away \ \ = 
N . 













(2721.0) 


Fig.4 The main store is a magnetic drum rotating 
at 3,750 r.p.m. Its storage capacity Is 
** words ”’ consisting of 39 binary digi’s. 
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Fig.5 Teleprinter and tape-punching installation for preparing and checking the paper 
tape which is fed to the computer. 


which can be removed when a fault occurs and 
replaced by identical units. Repairs can thus 
be carried out without withdrawing the computer 
from service. 

The actual computations are performed in a 
group of single-word registers or stores, to each 
of which there is immediate access. These 
are of the nickel delay-line type, each holding 
one word, and Fig. 3 represents the layout of 
asystem of this kind. The pulses corresponding 
to particular digits are amplified and recirculated 
so that the number is held continuously and is 
immediately available for computation. 

Seven units may be used for all arithmetical, 
logical and modifying operations, and each is 
equivalent to the usual single “* accumulator ” 
combined with a “ B-line,” This feature of 
multiple accumulators expedites the preparation 
of programmes. There are 32 registers, which 
also have facilities for addition and subtraction, 
and separate registers are provided to deal with 
the input and output of information. 

The main store, shown in section in Fig. 4, 
consists of a magnetic drum revolving at 
3,750 r.p.m., with a storage capacity of 4,608 
words; a “* word ” is the term used for a number, 
or a pair of instructions involved in the calcu- 
lation. Information (both instructions and 
data) is collected on the drum and is transferred 
automatically to or from the computing store in 
blocks of eight words or single words, as required 
for the computation. A further 512 words can 
be accommodated for the permanent storage of 
the input routine and checking programmes. 
All numbers retained on the drum have a check 
digit associated with them which is inspected by 
the machine whenever a transfer to the computing 
store is made; any error in the operation will 
thus be detected and the machine will indicate 
this and stop. If desired, the machine can be 
set to carry out instructions one by one. 


INPUT AND OUTPUT 


_The computer operates on a binary scale 
(in which digits are represented in terms of the 
presence or absence of electrical pulses) and a 
set of pulses constitute a word. The word 
length employed is 39 binary digits and the digit 
lime is 3 microseconds. A number comprises 
38 digits and a sign-digit (equivalent to 11 decimal 
digits), and as already observed two instructions 
can be stored within one word length. The 
maximum speed of input is 200 characters per 
second, and the rate of output is 15 characters 
Per secon! or, if typed out, 6:7 characters per 
second. lost instructions can be carried out 
in 0-3 m ‘lisecond; multiplication takes 2 milli- 
seconds a id division 5 milliseconds. 

The co nputer measures 93 in. by 25 in. by 
84 in. an’ the power supply cubicle 65 in. by 
25 in. by 34 in.; the dimensions of the control 
desk are : ‘in. by 87 in. The power required is 
12 kVA ind is supplied through a motor- 
alternator set which can be adapted to accept 


an alternating-current supply at any voltage or 
frequency. 

A wide variety of auxiliary equipment is made 
for use in conjunction with Ferranti computers, 
and items include a high-speed tape reader, 
automatic typewriters, monitor display tubes, 
which provide a further basis for checking 
calculations, and all necessary replacement 
components. Some examples of this equipment 
are shown in Figs. 5 and 6. Fig. 5 shows a 
Creed teleprinter and tape-punching installation, 
designed for preparing and checking the paper 
tape before it is fed into the computer, and in 
Fig. 6 is illustrated a modified Bull high-speed 
printer which prints a whole line of results at a 
time at a rate of 2 per second. These machines 
can be used in conjunction with either the 
Manchester or Pegasus computers. For the 
reproduction of these illustrations and that of the 
Manchester computer, Fig. 1, acknowledgment 
is made to the Minister of Supply. 


COMPUTER SERVICE 


It is anticipated that the Pegasus computer 
will not only be distributed commercially but 
will provide the basis of a consultant computing 
service. This service will be known as the 
Ferranti Computer Centre and will operate at 
21 Portland-place, London, W.1. Moreover, 
as a result of the association between Ferranti 
and Powers-Samas, many additional uses may be 
found for it; it has for example been recently 
suggested that its applications might be extended 
if it were equipped with a Powers-Samas punched- 
card attachment. In any case, in view of the 
different backgrounds of the two companies, 
the collaboration should serve as a stimulus for 
ideas and provide a sound basis for their 
exchange. 


xk * 


CANTILEVERED BUS 
SHELTER 


Steel Frame with Aluminium Roof 


The illustration on the right shows a new 
bus shelter that is being produced by Henry 
Hope and Sons, Limited, Smethwick, Bir- 
mingham. As may be seen, it is of the cantilever 
type, the standard unit (as shown) being 6 ft. 
long and having a 5-ft. roof projection; multiple 
units in lengths of 12 ft., 18 ft., 24 ft. and 30 ft. 
are also available. The minimum headroom, 
below the front eave, is 6 ft. 10 in. and the 
shelter will provide protection for queues of 
people standing two abreast. 

The ground beams and stanchions are of 
rolled steel joists and are dispatched from the 
works after being hot-dip galvanised but 
otherwise without being painted. Between the 


Fig.6 High-speed printer. 
machine which prints them one line at a time at a rate of two a second. 
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Results from the computer pass to this 


stanchions are welded steel panels, the upper 
half glazed with putty and bead, the lower half 
being panelled with 12-s.w.g. sheet steel also 
fixed with beading. The manufacturers recom- 
mend 4-in. Georgian wired rough-cast glass as 
being most suitable for the upper panels. 
Return ends, and hinged glazed panels for 
timetables, etc., are also made. 

Cast aluminium ribs with a top and bottom 
covering of 16-s.w.g. sheet aluminium have been 
used for the cantilevered roof; all the outside 
joints are sealed with 14-s.w.g. aluminium cover 
strips bedded in mastic. The roof has been 
given a 2-deg. fall towards the kerb and drip 
flanges have been provided at both the back and 
front. On dispatch from the factory, all the 
aluminium has received one coat of zinc 
chromate. 

Only a shallow foundation is required— 
a concrete pad 15 in. wide, 7 in. deep and 
5 ft. 6 in. long with four holding-down bolts, 
to be provided by the customer. When in 
position, the twin channel feet are out of sight 
below the pavement line, which is indicated in 
the illustration by the dotted line. 








Fabricated bus shelter with steel base and back 
frame supporting an aluminium roof. 











Fig. 1 The mobile diffuser section of the 3-ft. by 3-ft. transonic and supersonic tunnel can be 
wheeled away to allow the working section, also mobile, to be withdrawn. 


WIND TUNNELS AT R.A.E. AND N.A.E. 
I—TRANSONIC, SUPERSONIC AND SPINNING TUNNEL 


In this article we describe some of the latest 
aerodynamic research facilities of the post-war 
National Aeronautical Establishment at Bedford, 
which were demonstrated recently to the press 
as were also some of the advanced installations 
at the Royal Aircraft Establishment, Farnborough. 
We deal here with a 3-ft. square transonic and 
supersonic tunnel, an 8-ft. square variable density 
supersonic tunnel, and a vertical spinning tunnel. 
Next week we shall describe the 13 ft. by 9 ft. 
subsonic tunnel at Bedford, some of the smaller 
high-supersonic tunnels at Farnborough, and a 
large transonic tunnel which will shortly be in 
operation at Farnborough. 


Fundamental aerodynamic research on which 
will be based the design of future aircraft and 
weapons is the principal purpose of the Aero- 
dynamics division of the Royal Aircraft Estab- 
lishment. Since the end of the second World 
War a comprehensive array of wind tunnels has 
been built up both at Farnborough and—since 
space for expansion at Farnborough is limited— 
at the new National Aeronautical Establishment 
near Bedford. The latter establishment is, in 
fact, part of the R.A.E. Aerodynamics division. 

The speed ranges and plan form that are the 
subject of present investigations are some five 
years in advance of any aircraft on the drawing 
board today. Thus, large-scale equipment will 
shortly be available for Mach numbers up to 
2:7 and a medium-scale plant has been in 
operation for some years at Bedford operating 
at Mach numbers up to 2. Small-scale tunnels 
at Farnborough for testing up to about Mach 
4:5 have also been in use for some years, and 
a large scale plant for the range Mach 2 to 4:5 
is under design. 


FORMIDABLE PLANT REQUIREMENTS 


The principal characteristics of these super- 
sonic tunnels are the smooth surface finish 
required and the formidable power requirements 
and scale of the auxiliary plant—exhausters, 
drying plant to prevent ice formation in working 
sections, cooling plant for the compressed air, 
etc. An 8-ft. square tunnel at Bedford, illus- 
trated in Figs. 2 and 3, operating up to Mach 2-7 
and pressures up to 4 atmospheres, requires 
80,000 h.p. The {use fof pressures%”above 
atmospheric raises the Reynolds number at 
which tests can be carried out and reduces 
scale effects, but the amount of pressurisation 
is limited in the larger tunnels. by":power require- 


ments, and in the smaller tunnels by the ability 
of the models to withstand the loads. 

Wind-tunnel testing actually at supersonic 
speeds has only become possible within the last 
two or three years, with the development of 
‘“‘ ventilating’ techniques. Details of these 
techniques have not been released, but it is 
understood that by removing excess mass flow 
at the nozzle throat, choking can be suppressed 
and uniform air flow maintained at sonic speed. 
The 10 ft. by 7 ft. subsonic tunnel at Farn- 
borough—which was described in the February 
25, 1949, issue of ENGINEERING (vol. 167, page 
175)—is at present being converted into an 
8 ft. by 6 ft. transonic tunnel with vented working 
section, and at Bedford a 3-ft. square supersonic 
tunnel is already in use with a transonic working 
section. (Fig. 1). 


TRANSONIC AND SUPERSONIC 
3-FT. TUNNEL 


The 3-ft. closed-circuit continuous supersonic 
tunnel is capable of testing models up to about 





Fig. 2 Part of the 8-ft. by 8-ft. supersonic tunnel circuit, showing the cooler and settling chamber, 
during erection at Bedford. The tunnel operates at pressures up to 4 atmospheres and specds UP 
to Mach 2-7. 
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2-ft. span at speeds ranging from about Mach 
0-9 through sonic speed up to Mac 2, and 
at pressures from % atmosphere up ‘> 2 atmo. 
spheres. To vary the contour of tie nozzle 
in which the air flow is accelerated fo- differen; 
supersonic speeds, nine interchangc able top 
covers with specially shaped teak | iners are 
provided, and changes can be accom lished in 
about 15 minutes. 

The tunnel shell comprises a reinforced .in, 
mild-steel welded structure and, as n all the 
pressure tunnels at Bedford, has been tested 
under water pressure before being commissioned, 
It is made in detachable sections (Fig. 1), the 
diffuser section and working section being 
mounted on tracks so that, after detaching and 
withdrawing the diffuser section, the working 
section can be removed to carry out liner changes, 

This tunnel was one of the first to be installed 
at Bedford and the entire power unit came from 
the A9 tunnel at the German Volkenroder 
research station. It comprises two double-entry 
single-stage centrifugal compressors connected 
in series and driven by two 6,000-h.p. (cop. 
tinuous rating) direct-current motors each 
capable of developing 8,000 h.p. for short 
periods. The motors are supplied from grid- 
controlled mercury-arc rectifiers for speed 
control. 

Auxiliary plant comprises six large silica-gel 
containers through which air from the com- 
pressor outlet is by-passed to remove moisture, 
returning to the compressor inlet; water-cooled 
intercooler and aftercooler for keeping the air 
temperature down to about 40 deg. C.; and two 
auxiliary compressors for evacuating the tunnel 
for starting and controlling pressure. The total 
diffuser angle through the return section is 
5 deg. and the contraction ratio prior to the 
working-section throat is 36 to 1. 

The models for testing in this tunnel are of 
high-tensile steel, mounted on a sting, forces 
and moments being measured by strain gauges 
and recorded on six self-balancing potentio- 
meters. Alternatively, pressure plotting can be 
taken and photographically recorded on a band 
of 50 automatic capsule manometers. The 
usual Schlieren optical equipment for observing 
shock patterns is provided. 


5,000-TON {PRESSURE SHELL 


The most interesting and versatile of the new 
tunnels at Bedford, the variable-density 8-ft. 
square tunnel with a speed range from zero to 
Mach 2-7 (but not intended for transonic tests) 
is still under construction and is expected to be 
running by the end of the year. This tunnel is 
a major engineering achievement, and it is 
claimed that the 5,000-ton pressure shell, which 
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is designed ‘0 withstand a pressure range from 
97 in. Hg. vacuum up to 4 atmospheres absolute, 
is the largest all-welded pressure vessel in 
Furope. Toe tunnel, of the closed-circuit type, 
is 350 ft. between long centres and 80 ft. between 
short centres, and at the longest point has a 
diameter 0! 47 ft. All the welds have been 
100 per cent. X-rayed, and the 1-in. thick 
pressure shell, which is complete, has been tested 
under hydraulic pressure up to 4 atmospheres. 
Expansion joints and flexible supports allow for 
thermal expansion of the tunnel, which amounts 
to 34 in. when running at full power. 


FLEXIBLE STEEL NOZZLE 


In this tunnel, the nozzle in which the air is 
accelerated to supersonic speed is of the flexible- 
wall type. The top and bottom walls of the 
nozzle are parallel, and the flexible side walls 
comprise two steel plates 62 ft. long by 8 ft. wide 
by 1 in. thick, the contour of which can be 
varied from the flat, for subsonic testing, to the 
appropriate shape to provide uniform air flow 
at supersonic speeds up to Mach 2:7, by 
hydraulically-operated screw jacks controlled 
with great accuracy. This variation can be 
carried out while the tunnel is running. 

The tunnel is driven by a ten-stage axial flow 
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Fig. 4 Th vertical spinning tunnel, which operates at pressures up to 4 
tmospheres, has a 15-ft. diameter working section. the 


compressor. Four stages of this compressor 
are always in the circuit, but for working at 
lower pressures the six rear stages can be removed 
as a unit and replaced by a plain cylindrical 
shell, the whole mechanised operation being 
completed within half a day. 

The compressor is driven by a 68,000-h.p. 
synchronous motor backed by two 6,000-h.p. 
direct-current motors for starting and for precise 
speed control. A variable frequency supply for 
this tunnel and for other plant on the station is 
provided by two 20-MW gas turbine sets now 
being installed in an adjacent power station. 

Air from the compressors is cooled from 
150 deg. C. to 40 deg. C. in a heat exchanger 
forming an integral part of the pressure shell, 
cooling water being supplied from a battery of 
cooling towers. From here the compressed air 
passes through a settling chamber with two screens 
into the contraction and variable throat, thence 
through the working section. To decelerate the 
air with the minimum power, on leaving the 
working section, it is passed through a variable- 
geometry diffuser operated by hydraulically- 
driven screw jacks enabling a shock wave system 
to be set up as efficiently as possible. From 
here it passes through an ordinary subsonic 
diffuser back to the axial compressor. 

Auxiliary plant at- 
tached to the tunnel 
comprises the 90,000- 
cub. ft. per minute 
vacuum plant neces- 
sary for starting up 
the tunnel, compressor 
plant for charging the 
tunnel with air, and 
silica-gel drying plant 
for removing the 
moisture from the air. 
The control room pro- 
vides for remote view- 
ing of the shockwave 
system around the 
model, as revealed by 
Schlieren equipment, 
both by periscope and 
by television cameras. 


AUTOMATIC 
LAUNCHING IN 
PRESSURISED 
SPINNING TUNNEL 


Another tunnel of 
exceptional engineer- 
ing interest is the verti- 
cal spinning tunnel at 
Bedford with a 15-ft. 
diameter working sec- 
tion in which will be 
tested the behaviour of 
free models, with spans 
up to 3 ft., and methods 
of recovery from the 
spin. This tunnel, 
nearly completed, will 
be operating in a few 
weeks’ time. (Fig. 4). 

The tunnel has a 
speed range of 140 ft. 
per second at atmos- 
pheric pressure to 90 ft. 
per second at the maxi- 
mum pressure, 4 atmos- 
pheres. Power for circ- 
ulating the air is 
supplied by a fan at 
the top of the tunnel 
which draws air up 
through the working 
section, the return flow 
being through a con- 
centric duct outside 
the working section. 
Diffusing the return 
air, turning it through 
180 deg. and contract- 
ing it at the entry to 
the working section in 
compact space 
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Fig. 3. The unbladed rotor of the 8-ft. by 8-ft. 
tunnel compressor being lowered into its casing. 


available, is achieved by a special arrangement 
of vanes, screens, and a cone structure at 
the base of the working section. The pitch 
of the fan blades can be varied hydraulically 
to provide a fine control over the air speed. 
The fan is driven by a 1,500-h.p. motor with 
an overload capacity of 3,000 h.p. A 4,000-h.p. 
compressor in a separate plant room provides 
the tunnel pressure. 

The tunnel structure comprises a welded steel 
pressure shell, 45 ft. in diameter and 80 ft. high, 
the whole weighing some 1,200 tons. To provide 
for restoring verticality in the event of settling, 
there are means for jacking the tunnel structure. 
Above the top of the working section, spare 
space has been utilised for the storage of water. 

In addition to free-flight studies, it is possible 
to measure the forces and moment on a model 
mounted on a rotating support carried by a 
retracting rolling balance, measurements being 
by strain gauges. 

Observation and control is carried out re- 
motely in a control room at atmospheric pressure. 
The model can be viewed either by periscope or 
television camera. Launching is carried out 
from a sealed launching chamber by hydraulic- 
ally-operated launching gear. There is also pro- 
vision for retrieving the model automatically 
at the bottom of its flight. For manipulating 
the aircraft-model’s controls, a radio-control 
system is under development. 

The 4,000-h.p. compressor supplying the 
vertical wind tunnel also serves four test bays 
in which can be installed small supersonic 
tunnels, with working sections up to 9 in. square, 
for testing at Mach numbers up to3-5. Activated- 
alumina drying plant is provided in the plant 
room which houses the 4,000-h.p. compressor 
and its two direct-current motors. Coolers are 
also provided, and an auxiliary pump is used 
to evacuate the circuit. The Schlieren optical 
equipment for viewing the test in these tunnels 
is mounted on a bridge which runs in tracks to 
allow access to the working section. 


x k * 


INDEX TO “ENGINEERING ”’ 


Volume 177 now ready 


The Index to Volume 177 of ENGINEERING 
(January-June, 1954) is now ready and will be 
seut to any reeder, without charge and postage 
paid, on application being made to the Publisher, 
35 and 36 Bedford-street, Lcndon, W.C.2. 


Any reader wishing to receive regular copies 
of the Index as they are published can apply 
to be put on the mailing list. Those already on 
the mailing list need not re-apply. 
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The cylindrical portion of the fan guard immed- 
iately adjacent to the fan ring is of close mesh, 
eliminating any possibility of accidental contact. 


FAN GUARD FOR 
GREATER SAFETY 


No Loss of Efficiency 


A new type of fan guard, which provides more 
effective protection against accidental contacts 
with the fan blades than orthodox types of 
guard and yet offers no great restriction to 
airflow nor creates additional air noise, is being 
produced by Keith Blackman, Limited, Mill 
Mead-road, London, N.17. It is now fitted as 
standard equipment on their APA-type fans. 

As may be seen in the accompanying illustra- 
tion, the part of the guard immediately adjacent 
to the fan ring is of cylindrical form and is 
made from a much closer wire mesh than has 
hitherto been the conventional practice. It is 
thus impossible to make accidental contact with 
the rotating blades. 

In all APA fans, special fixing plates are incor- 
porated with the fan ring for fitting the guard. 
The latter is normally provided on one side only 
since the other side, when installed, is generally 
inaccessible. If, however, the blades are still 
accessible when the fan is installed they would 
be covered by a second guard of similar design. 


x k * 


SPECTACLES AS A SAFETY 
PRECAUTION 


Although safety goggles are essential to workers 
in many industries if they are to avoid injuries 
to their eyes, they are often discouraged from 
wearing goggles because of their unpleasing 
appearance. The Hadley Company, Limited, 
Portsmouth-road, Surbiton, Surrey, have pro- 
duced safety goggles which look like ordinary 
spectacles, and should meet with no aesthetic 
objections from the wearers. The “‘ Duraplas ” 
industrial safety spectacles, as they are called, 
are fitted with Triplex unshatterable safety 
lenses, or can alternatively be fitted with filter 
lenses. Side shields give protection from flying 
particles, and the spectacles are light and 


designed to be worn continuously by either male 
or female workers. The frames are made in 
two sizes, small and medium, in flesh-toned or 
clear crystal cellulose acetate. 


OIL-BURNING SPACE 
HEATER FOR SMALL 
PREMISES 


Coach-Type Combustion Heater 


An economical combustion heater operating 
on gas-oil or paraffin, capable of delivering 
its maximum output almost instantaneously 
after ignition, has recently been put on the 
market by the Key Leather Company, Limited, 
5, Urswick-road, London, E.9. Known as 
the K-L 10,000, it was developed in the first 
place as a heater for buses and coaches, but it is 
also well suited to heating workshops, garages, 
small assembly halls, etc. The unit shown in the 
accompanying illustration is arranged as a 
space heater mounted on a carrier together 
with a fuel tank. 

The K-L 10,000 gas oil/paraffin unit consists, 
briefly, of a cylindrical combustion chamber 
containing a single fuel jet, with a revolving fuel 
slinger and centrifugal combustion-air fan driven 
by an electric motor. A gear-type fuel pump is 
driven by the same motor. A separate electric 
motor drives a fan drawing fresh air from the 
atmosphere for heating. The air supply to the 
combustion-air fan is drawn through an indivi- 
dual intake pipe in the side of the heater. Fuel 
is contained in a 4-gallon tank which can be 
mounted with, or kept remote from, the heater 
unit. 

The combustion chamber is gas-tight and is 
surrounded by an annular chamber fed from 
the exhaust ports. Fresh air passes round 
both these elements of the heat exchanger and 
thus comes into contact with the maximum 
heating surface with the minimum of restriction. 
The combustion gases, which are non-toxic, 
are discharged through a pipe which can be 
extended to any suitable length without materially 
impairing the efficiency of the unit. 

Control is effected through a small switch 
panel whereby it is possible to select either of 
two rates of heating—40,000 B.Th.U. per hour 
or 24,000 B.Th.U. per hour—* Full”’ or ** Half 
Heat” positions on the switch. By actuating 
an additional pull switch, unheated fresh air 
only is delivered. 

The unit is started by setting the switch in the 
full-heat position, which has the following effect: 
the combustion-air fan is set in motion, the fuel 
pump is started and a solenoid-controlled fuel 
valve governing the supply to the pump is 
opened. At the same time a relay to the heater 
plug is energised and the heater-plug current is 
switched on. Fuel fed by the pump is atomised 
by the slinger cone and its baffle and is ignited by 
the heater plug; after approximately 40 seconds 
the flame in the combustion chamber is fully 
alight. When the flame is burning correctly 
a thermo-switch cuts the current to theheater 
plug, starts the fresh-air fan and opens an 
extra-air valve in the combustion-air intake, 
allowing air from the fresh-air fan to be blown 
into the combustion chamber. A pilot lamp 
on the control panel lights up and, after 60 to 
80 seconds from switching on, the unit is in full 
operation. Should the heater plug fail to glow, 
the switch will cut off the fuel pump and valve 
and so prevent flooding. 

When the operating switch is turned off the 
combustion-air fan and fuel pump stop, and the 
fuel valve cuts the fuel supply. The fresh-air 
fan, under the control of the thermo-switch, 
continues to run until all parts of the heater— 
and in particular the heat exchanger—have 
cooled to about 40 deg. C. and the interior 
of the heat exchanger is scavenged of residual 
gases. When this stage is complete, the thermo- 
switch breaks the circuit to the motor of the 
fresh-air fan, closes the extra-air valve, and the 
cycle is complete. 

The K-L 10,000 heater has several interesting 
points. The use of separate power units for 
the fresh air fan and the combustion air fan/fuel 
pump assembly makes it possible, by running the 
fresh-air fan alone, to clear the entire heater 
system of burnt gases and to cool the heat 
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The 40,000-B.Th.U. per hour combustion heater 
is shown here mounted as a unit with the 4. 
gallon fuel tank on a special carrier. The fresh-air 
intake has been removed to show the fan. Com- 
bustion air is drawn in through a separate intake 
by another fan driven by the fuel-pump motor. 


exchanger on all sides after switching off. This 
obviates any risk of low-temperature vapours 
accumulating in the combustion system and 
causing an explosion should the heater be 
switched on again before the vapours have 


_ dispersed. 


The solenoid-operated fuel valve cuts off 
completely the supply of fuel to the pump when 
the heater is switched off. Should the fuel 
pump develop, in the course of time, slight fuel 
leaks, the valve eliminates any chance of fuel 
vapour escaping into the atmosphere when the 
heating system is shut down. 

An additional safety device is incorporated 
in the form of a switch which cuts off the motor 
of the combustion unit should the heated air 
temperature rise to approximately 150 deg. C. 
Thus danger of fire through overheating is 
mitigated. . 

Installation requirements are comparatively 
few. For industrial use, the unit is arranged 
for a 24-volt supply, a_ rectifier-transformer 
being supplied for operating from the mains 
supply. The current consumption is 140 watts. 
Other units are available for operating from 
6-volt or 12-volt batteries. The fresh-air delivery 
is 17,600 cub. ft. per hour. On full heat, the 
fuel consumption is 2-5 pints per hour and the 
heated air temperature difference is 82 deg. C. 
On half heat, the corresponding figures are 1-4 
pints per hour of fuel, and 50 deg. C. The 
weight of the entire installation on its carrier is 
55 Ib. 

xk k * 


PULVERISED-FUEL ASH AS 
SUBSTITUTE FOR CEMENT 


B.E.A. Shipments Overseas 


Shipments are now being made of pulverised 
fuel ash from the British Electricity Authority’s 
power station at Littlebrook (Dartford) to the 
new harbour works at Aden. The _ initial 
contract is for 1,450 tons of ash to be used as a 
partial replacement of cement in the concrete 
works. The contractors are Pauling and Com- 
pany, Limited, 26 Victoria-street, London, 
S.W.1, and the consulting engineers are Sir 
Bruce White, Wolfe Barry and Partners, Lygon- 
place, Grosvenor-gardens, London, S.W.1, who 
decided to specify this material after careful 
consideration of its properties. B.E.A. are 
hopeful that this initial order for Aden will lead 
to other markets abroad, and a shipping company 
is exploring the possibilities overseas. 

The use of pulverised-fuel ash in concrete 
works is well established in the United States 
and is growing in this country; it also has other 
uses, notably in brick-making and as a sintered 
light-weight aggregate. To promote still further 
the work that has been done in recent years with 
this hitherto waste material, B.E.A. has recently 
appointed an ash marketing officer. 
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Latour Notes 


MI JERS’ WAGE STRUCTURE 
PROPOSALS 


A report from the executive committee of the 
National Union of Mineworkers on proposals 
for 2 new national wage structure for the mining 
industry was approved with only three dissidents 
at a special delegate conference in London on 
February 11. About 170 delegates from all 
parts of Britain attended the conference and 
they authorised their executive committee to 
continue its negotiations with the National 
Coal Board. 

The conference is due to meet again on 
March 18, when a further report by the executive 
committee will be presented on the re-grading of 
jobs now performed by the 400,000 day-wage 
men employed at British collieries. 

No miner will suffer any reduction in wages as 
a result of the re-organisation of rates of pay 
and it is expected that the vast majority of the 
day-wage men will obtain increases. In general, 
however, it is the men in the lowest-paid 
grades who will stand to benefit the most. 

There is every possibility that, when the 
conference resumes its meeting in mid-March, 
the executive will be able to place before the 
delegates definite proposals in terms of actual 
wage rates. 

In view of the approval given by the delegates 
to the executive committee’s negotiations with 
the National Coal Board, the alternative of a 
demand for an immediate increase in wage rates 
was not placed before the meeting. 


PROBLEM OF GRADING 


Considerable progress has been made with the 
heavy task of reducing the six thousand job 
names by which the many hundreds of trades 
at collieries throughout the country have been 
known. Discussions between the two organisa- 
tions have led to these being reduced to just 
over 360 different categories of work and the 
main task now is to classify these specific jobs 
into different grades. 

So far, it seems to have been agreed upon that 
there shall be five grades of jobs performed by 
day-wage men at the coal face or within ten 
yards of it, five grades of jobs performed else- 
where underground, five grades for general 
surface workers, some three or four grades for 
craftsmen, and about the same number for 
skilled work in colliery workshops. 

It is the intention to grade pieceworkers’ 
jobs also, but piece-rate prices are usually 
settled locally. Indications at the moment are 
that the new structure will not affect piece rates 
immediately, but the 300,000 miners employed 
on piecework, including the majority of men 
engaged at the coal face, may eventually obtain 
higher guaranteed basic rates. 

The principal aim of the new structure will be 
to ensure that miners doing similar work at 
different collieries, calling for comparable degrees 
of skill, will obtain comparable rates of wages. 


ENGINEERING WAGE CLAIMS 


Efforts are to be made by the Confederation 
of Shipbuilding and Engineering Unions to 
obtain an early settlement to the claim for 
iIncre:sed wages in the engineering industry, 
which it submitted in December last. 

W:5 this aim in view, the executive council 
of th Confederation, at its meeting in York 
on F sruary 10, decided to press the Engineering 
and ‘lied Employers’ National Federation to 
fix 2 iefinite date in the near future for the 
pres ‘ation of its answer. 

It .y be recalled that, in addition to demands 


for increases of 15s. a week on the basic rates 
of skilled men and of 10s. a week on those of 
unskilled employees, the Confederation asked 
the employers’ Federation to accept the principle 
of re-grading semi-skilled workers, to agree to 
the abolition of certain penalty clauses in the 
industry’s holidays agreement, and to consent to 
payment for summer holidays being based on 
average earnings. 

Less than a month ago, agitations against 
embarking on long-drawn-out discussions on 
the wage claims in the engineering and ship- 
building industries were made at a conference of 
engineering shop stewards at Manchester. The 
delegates, who were stated to represent about 
120,000 engineering employees in the district, 
passed a resolution promising full support for 
the wage demands. 

Including men employed by firms not affiliated 
to the employers’ Federation, but whose wages 
are almost invariably maintained at the same 
level, nearly three million men are involved in 
the wage claim, and it is estimated that the cost 
of granting the claim in full would add about 
£120 millions a year to the industry’s wage bill. 

The general secretary of the Confederation, 
Mr. Gavin Martin, agreed, in a statement after 
the meeting, that the claim was a “ tremendous ” 
one, but added that the Confederation had 
expected to hear from the employers’ Federation 
within six weeks of the presentation of the claim. 


STEEL ERECTORS’ STRIKES 


The Confederation also decided to seek an 
early meeting with the Constructural Engineering 
Union regarding the strike action of the steel 
erectors. 

Members of the union, who are engaged on the 
erection of steel building frames, are seeking 
parity in wage rates with those paid to craftsmen 
in the building industry, and have been taking 
part in sporadic strikes in different parts of the 
country because their demands have not been 
met. 

It is understood that the executive council of 
the Confederation feels that any extension of a 
strike on a wage issue, by one of its affiliated 
unions, might well have a prejudicial effect on its 
own large-scale pay claim. The engineering 
employers also take the view that the steel- 
erectors’ claim is really part of the Confederation’s 
claim and that it should not be dealt with 
separately. 

When the claim was submitted to the 
employers, the Engineering and Allied Employers’ 
National Federation rejected it on the contention 
that steel erectors did not rank as craftsmen and 
that, in any case, their wage rates were covered 
by existing agreements in the engineering industry. 

Recent extensions to the union’s strike action 
included the stoppage of about 180 erectors 
employed at the site of Tilbury Power Station, on 
February 11. 


INTERNATIONAL LABOUR 
CONFERENCE 


Sir Walter Monckton, the Minister of Labour 
and National Service, recently presented to 
Parliament the report of the delegates of the 
United Kingdom Government to the 37th 
session of the International Labour Conference, 
which was held in Geneva from June 2 to 24, 
1954. 

The Government delegates were Sir Guild- 
haume Myrddin-Evans, deputy secretary, Min- 
istry of Labour, and Mr. A. F. Harrison, solicitor, 
Ministry of Labour, with Mr. J. R. Lloyd 
Davies, assistant secretary to the Ministry, as 
adviser and substitute delegate. 

Sir Richard Snedden, member of council of 
the British Employers’ Confederation, repre- 
sented employers in the United Kingdom, and 
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Mr. Alfred Roberts, member of the General 
Council of the Trades Union Congress, attended 
as representative of workpeople in this country. 

A considerable proportion of the report 
(Cmd. 9374, H.M.S.O., price 1s. 6d.), is con- 
cerned with discussing the return to the Organisa- 
tion of the U.S.S.R., Albania, Bulgaria, and 
Hungary and with the probiems which arose as 
a result. 

Much stress is placed on the need for the 
democratic countries to remain on the alert 
to see that divisions do not grow up between 
them and, particularly, between the United 
States and the United Kingdom, upon whose 
co-operation in the Organisation, as elsewhere, - 
so much depends. 


SOME CONFERENCE DECISIONS 


One of the principal items of business accepted 
by the conference was the adoption of a new 
recommendation on holidays with pay. Pre- 
liminary discussions took place on the vocational 
rehabilitation of disabled persons, migrant 
workers in under-developed countries, and penal 
sanctions for breaches of contracts of employ- 
ment, and the conference adopted conclusions 
on the basis of which there will be consultations 
between Governments prior to further discus- 
sions. These further discussions will take place 
at the next session of the conference, with a view 
to final decisions being taken. 

The conference also held a general review of 
the technical assistance activities of the Inter- 
national Labour Organisation. It adopted a 
resolution embodying the main points of principle 
which had emerged from the review. The text 
of the recommendation on holidays with pay and 
of fifteen resolutions adopted by the conference 
are given in appendices to the report. 

It may be noted that a three-party delegation 
from the Gold Coast attended the conference 
in an observer capacity. This was a new develop- 
ment and resulted from a decision taken by the 
governing body of the International Labour 
Office in March that such delegations from 
outlying territories might be invited to attend on 
thg recommendation of the responsible member 
State. This was one of the decisions taken to 
facilitate the association of non-metropolitan 
territories with the work of the Organisation. 


EMPLOYMENT STATISTICS 


At the end of December last, persons in Great 
Britain engaged in civil employment (industry, 
commerce and services of all kinds) numbered 
22,710,000, a decrease since the end of November 
of about 100,000, the majority of whom were 
women, 

During the course of last year, there was an 
increase of 350,000 in the total number of persons 
in civil occupations, according to a recent return 
by the Ministry of Labour and National Service. 
The principal increases to take place were 
260,000 in the manufacturing industries, 80,000 
in the distributive trades, and 50,000 in the 
professional, financial and miscellaneous services. 

These increases were partly offset by a decrease 
of 40,000 persons in the basic industries: 
agriculture, fishing, mining, transport, com- 
munications, and gas, electricity and water 
undertakings. The decrease in these industries 
occurred principally in transport and agricul- 
ture; employment in the coal-mining industry 
remaining practically satationary. 

The number of persons registered as unem- 
ployed on January 10 last, was 298,000, including 
17,000 persons only temporarily disengaged, and 
this total represented a decrease of 75,000 since 
January, 1954. Unemployment at the beginning 
of this year was 1-4 per cent. of the country’s 
total working population, compared with 1-8 per 
cent. in January, 1954. 








NOTICES OF MEETINGS 


Aslib 
LONDON 
“A New Look at Library Literature or Why Write About 
Information Work?’’ by Jack Bird. Royal Society of Arts, 
John Adam-street, Adelphi, W.C.2. Tues., Feb. 22, 6 p.m 


Association of Supervising Electrical Engineers 


BOURNEMOUTH 
“Relays and Automatic Control in Industry,” by Dr. W. L. 
Stern. Bournemouth Branch. Grand Hotel, Bournemouth. 
Mon., Feb. 21, 7 p.m. 


British Institution of Radio Engineers 

LONDON 

“A Versatile Electronic Engine Indicator,” by R. K. Viny- 

comb. London Section. London School of Hygiene and 

bi ed Medicine, Keppel-street, W.C.1. Wed., Feb. 23, 
TREFOREST 

“ Training of Radio Engineers,” by H. W. French. South 

Wales Section. Glamorgan Technical College, Treforest. 

Wed., Feb. 23, 6.30 p.m. 


Chemical Society 
ABERDEEN 


“Corrosion Processes: Their Causes and Prevention,” by 
Dr. F. Wormwell. Aberdeen Branch. Robert Gordon’s Tech- 
nical College, Aberdeen. Fri., Feb. 25, 7.30 p.m. 
EDINBURGH 
“* Mechanics of Droplets and Bubbles in Diffusion Processes,” 
by Professor F. . Garner. Edinburgh Branch. North 
British Station Hotel, Edinburgh. Thurs., Feb. 24, 7.30 p.m. 
LEEDS 
“New Lamps for Old in Analytical Chemistry,” by Dr. 
C. L. Wilson. Leeds Branch. The University, Leeds. Mon., 
Feb. 21, 6.30 p.m. 
NEWCASTLE-UPON-TYNE 
Various original papers. Newcastle and Durham Branch. 
Chemistry Building, King’s College, Newcastle-upon-Tyne. 
Fri., Feb. 25, 4 p.m. 
ST. ANDREWS 
“Radiation Chemistry,” by Professor F. S. Dainton. St. 
Andrews and Dundee Branch. Chemistry Department, The 
University, St. Andrews. Fri., Feb. 25, 5.15 p.m. 


Illuminating Engineering Society 
BIRMINGHAM 
“Terms and Techniques for Satisfactory Lighting,”’ by J. G. 
Holmes. Annual General Meeting. Birmingham Centre. 
Regent House, St. Phillip’s-place, Colmore-row, Birmingham. 
Fri., Feb. 25, 6 p.m. 
BRISTOL 
Brains Trust Meeting. Bath and Bristol Centre. 
Hotel, Bristol. Fri., Feb. 25, 6.15 p.m. 


Incorporated Plant Engineers 
BIRMINGHAM 
“ The Scientist and Non-Scientist in Industry,’ by Dr. J. H. 
Fremlin. Birmingham Branch. Imperial Hotel, Birmingham. 
Fri., Feb. 25, 7.30 p.m. 
LEEDS 
“Steam Trapping is Common Sense,” 
and East Yorkshire Branch. The University, Leeds. 
Feb. 28, 7.30 p.m. 
SHEFFIELD 
Discussion on “Air Pollution Problems.”’ Sheffield Branch. 
Grand Hotel, Sheffield. Thurs., Feb, 24, 7.30 p.m. 


Institute of British Foundrymen 
LONDON 


“Some Aspects of Metallurgical Control in the Modern Steel 
Foundry,” by N. Y. Newton. London Branch. Waldorf 
Hotel, Aldwych, W.C.2. Wed., Feb. 23, 7.30 p.m. 
BIRMINGHAM 
“ Heat-Resisting Cast Irons,”’ by M. M. Hallett. Birmingham 
Branch. James Watt Memorial Institute, Great Charles- 
street, Birmingham. Wed., Feb. 23, 7.15 p.m. 
BRADFORD 
“* Elementary Explanation of Metal Mixing and Analyses,”’ by 
W. L. Bolton. West Riding of Yorkshire Branch. Technical 
Ce, Bradford. Sat., Feb. 26, 7.30 p.m. 
FALKI 
“* Whiteheart Malleable-Iron Casting Production,” by H. J. M. 
Connacher. Falkirk Section. Temperance Café, Lint Riggs, 
Falkirk. Fri., Feb. 25, 7.30 p.m. 
NEWPORT 
“The Carbon Dioxide Process and Its Application to Iron 
and Steel Castings,” by I. Rees and Atterton. Wales 
and Monmouth Branch. New ark Technical College, Clarence- 
place, Newton. Sat., Feb. 26, 6 p.m. 


Institute of Fuel 
EDINBURGH 


“*Some Aspects of the Problem of Air ey by J. 
Kistruck. Scottish Section. North British Station Hotal, 
Edinburgh. Thurs., Feb. 24, 7 p.m. 


Institute of Marine Engineers 
BELFAST 


“Reciprocating Steam Engines,” by G. 
ae. College of Technology, Belfast. 


7.30 p 

BRISTOL. 
*“*Marine Machinery of the Immediate Future from the 
Shipowners’ Point of View, with Special Reference to Costs,” 
by J. E. Church. West of England Section. Grand Hotel, 
Bristol. Mon., Feb. 21, 7 p.m. 

CARDIFF 

“Atlantic Shipbuilding Co., Ltd. Welded Ship Programme,” 
y M. H. A. Stevens. South Wales Section. South Wales 
Institute of Engineers, Park-place, Cardiff. Tues., Feb. 22, 
7.15 Be. 

SWANSEA 
** Marine Diesel Engines,” by A. G. Arnold. Junior Lecture. 
South Wales Section. Technical College, Mount Pleasant, 
Swansea. Fri., Feb, 25, 7 p.m. 


Institute of Metals 
BIRMINGHAM 


* Current Work of the British Non-Ferrous Metals Research 
Association,” by G. L. Bailey. Birmingham Local Section. 
— Watt Memorial Institute, Great Charles-street, Bir- 
mingham. Thurs., Feb. 24, 6.30 p.m. 
SHEFFIELD 

“Recent Developments in Colour Television,” 
Jesty. Sheffield Local Section. University 
Georges-square, Sheffield. Mon., Feb. 21, 


Institute of Petroleum 
LONDON 


“Modern Planning of Regional Surveys for Petroleum,” by 
P. Leicester. Mon., Feb. 21, 5.30 p.m. 


The Royal 


by F. Blezzard. West 
Mon., 


Yellowley. Junior 
Mon., Feb. 21, 


we &.. Cc 
Buildings, St. 
0 p.m. 


Institute of Refrigeration 
LONDON 


“*Sub-Soil Temperatures and Frost-Heave,”’ by G. Yates 
Pitts. Institution of Mechanical Engineers, 1 Birdcage-walk, 
St. James’s Park, S.W.1. Thurs., Feb. 24, 5.30 p.m. 


Institute of Road Transport Engineers 
DURHAM 
“The Costing of Vehicle Maintenance,” by H. Rossington. 
North-East England Group. Royal County Hotel, Durham 
City. Tues., Feb. 22, 7 p.m. 


Institute of Welding 
BIRMINGHAM 


“Inspection and Testing of Welds,” by A. H. Goodger. 
Birmingham Branch. Birmingham and Midland Institute, 
Paradise-street, Birmingham, 1. Fri., Feb. 25, 7.30 p.m. 
CARDIFF 
“Atlantic Shipbuilding Co., Ltd. Welded Ship Programme,” 
M. H. A. Stevens. South Wales Branch. South Wales 
Sr pees of Engineers, Park-place, Cardiff. Tues., Feb. 22, 
-15 p.m. 
KINGSTON 
“Fundamentals of Welding,” by V. W. Clack; “ Fusion 
Welding,” by V. W. Clack; and “ Resistance Welding,” by 
H. E. Dixon. South London Branch. Kingston Technical 
College, Kingston. Fri., Feb. 25, 7 p.m. 


Institution of Civil Engineers 
LONDON 


“Folkestone Warren Landslips 1948-50 Investigation,” by 
A. M. Muir Wood; and “ Folkestone Warren Landslips: 
Remedial Measures, 1948-54,” by N. E. V. Viner-Brady. 
Railway Engineering Division. Tues., Feb. 22, 5.30 p.m. 


** Folkestone Warren Landslips 1948-50 Investigation,” by 
A. Muir Wood; and “ ee Warren Landslips: 
1948-54,” b E. V. Viner-Brady. 


Remedial Measures, . 
Hotel etropole, Leeds. Fri., 


Yorkshire Association. 


“ The Significance of the Particle in Civil and Structural 
Engineering,” by S. Champion. North-Western Association. 
9 The Temple, 24 Dale-street, Liverpool. Wed., Feb. 23, 


p.m. 
Institution of Electrical Engineers 
LONDON 
** Recent Search for and Salvage of the Comet Aircraft Near 
Elba,” by Commander C. G. Forsberg and G. G. MacNeice. 
Radio Section. Mon., Feb. 21, 5.30 p.m. 
“* High-Voltage Transmission Developments in Sweden,”’ by 
A. Rusck. Supply Section. Wed., Feb. 23, 5.30 p.m. 
FARNBOROUGH 
James Clayton Lecture on “ Nuclear Reactors in Power 
Production,” by Sir Christopher Hinton (read by Dr. J. Kay). 
Southern Centre. R.A.E. Technical College, Farnborough. 
Wed., Feb. 23, 7.30 p.m. 
HULL 


“Technical Arrangements for the Sound and Television, 
Broadcasts of the Coronation Ceremonies on June 2, 1953,” 
by W. S. Proctor, M. J. L. Pulling and F. Williams. North 
Midland Centre. Offices of the Yorkshire Electricity Board, 
faa Hull. Thurs., Feb. 24, 7.15 p.m 


Faraday Lecture on “* Courier to Carrier in Communications,” 
B. D. Terroni. North Midland Centre. Town Hall, 
— Feb. 21, 7 p.m. (Admission by ticket.) 


“Electrification of the Manchester-Sheffield-Wath Lines, 
Eastern and London Midland Regions, British Railways,” 
by J. A. Broughall and R. J. Cook. Royal Institution, 
Colquitt-street, Liverpool. Mon., Feb. 21, 6.30 p.m 


Institution of Engineers and Shipbuilders in Scotland 
GLASGOW ; 

“ Problems of Stability in Engineering,” by Professor W. J. 

Duncan. Tues., Feb. 22, 7.30 p.m. 


Institution of Heating and Ventilating Engineers 
GLASGOW 

“The Architect and Heating,” by John McNab. Scottish 

Branch. Scottish Building Centre, 425 Sauchiehall-street, 

Glasgow, C.2. Tues., Feb. 22, 7 p.m. 


Institution of Locomotive Engineers 
LONDON 
“Welding of Steel or Cast-Iron ,Components in Locomotive 
Manufacture and Maintenance,” by G. Foster. Institution 
of Mechanical Engineers, 1 — St. James’s Park, 
S.W.1. Wed., Feb. 23, 5.30 


Institution of Mechanical Engineers 
LONDON 
Discussion on “‘ What Should Be Done About British Roads?” 
Automobile Division. Tues., Feb. 22, 6.45 p.m. 
Discussion on “Choice of Tolerances in Relation to Pro- 
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duction.” Industrial Administration and Engineering P 

tion Grou Fri., Feb. 25, 6.45 p.m. 
BIRMINGHAM 

“* Engine Research and Development as a Service to In ustry: 

A Personal Experience,” by J. H. Pitchford. Birm fm 

A.D. Centre. James Watt Memorial Institute, Great C 

Street, Birmingham. Tues., Feb. 22, 6.45 p.m 


BRISTOL 
“‘The Jaguar Engine,” by W. M. Heynes. Westerr A.D 
otel, Bristol. Thurs., Feb. 24, 6.45 >.m. — 


Centre. Royal 

COLCHESTER 
“* Modern Methods of Material Handling,” by K. B. \ rwick 
and F. T. Dean. Eastern Branch. Red Lion Hote. Co}. 
chester. Thurs., Feb. 24, 7.30 p.m. 

GLASGOW 
** Some Problems in Lubrication and the Substances 
Additives,” by A. Towle. Scottish A.D. Centre. 3 
bank-crescent, Glasgow, C.2._ Mon., Feb. 21, 7.30 p.r 

LOUGHBOROUGH 
James Clayton Lecture on “ Nuclear Reactors and 
Production,” by Sir Christopher Hinton. East M 
Branch. Loughborough College of Technology, 
borough. Tues., Feb. 22, 6.30 p.m. 

SHEFFIELD 
** Shock-Loading Effects in Electric Overhead Crane;, ” by 
J. Baker and E. Lightfoot. Yorkshire Branch. B.I. a 
— Laboratories, Hoyle-street, Sheffield. Wed., Feb. 23, 
6. p.m 


Institution of Production Engineers 

LONDON 

“Does the National Certificate in Production Engincering 

Meet the Needs of Industry,” by Professor J. V. Connolly, 

South-Eastern Regional Meeting. Royal Empire Society 

Northunberiend- -avenue, W.C.2. Thurs., Feb. 24, 7 p.m,’ 
LETCHWORT 

me See s as an Aid to Productivity,” by J. A. Stokes. 

Luton Section. North Hertfordshire Technical College 

Letchworth, Hertfordshire. Tues., Feb. 22, 7.15 p.m. ; 
MANCHESTER 

“Air Photography in Peace and War,” by Group Captain 

F.C aws. Manchester Section. College of me 

Sackville-street, Manchester. Mon., Feb. 21, 7.1 
NEWCASTLE- UPON-TYNE 

** Radioisotopes in Industry,” by Dr. H. Seligman. North- 

Eastern Section. Neville Hall, Westgate-road, Newcastle. 

upon-Tyne. Mon., Feb. 21, 7 p.m. 


Junior Institution of Engineers 
LONDON 


“*Some Stages in the Refining of Crude Oil,” 

Hughes (Student). Adjourned Annual 

Fri., Feb. 25, 7 p.m. 

Manchester Metallurgical Society 
MANCHESTER 
“Brittle Fracture,” by T. S. Robertson. Central Library, 
Manchester. Wed., Feb. 23, 6.30 p.m 
North East Coast Institution of Engineers and 

Shipbuilders 


oduc- 


~alled 
Elm- 


Power 
lands 
_Ough- 


by H. W. D. 
General Meeting, 


NEWCASTLE-UPON-TYNE 
“‘ Deterioration of Motor Cars During Shipment Overseas,” 
by E. A. Shipley. Neville Hall, Westgate-road, Newcastle- 
upon-Tyne. Fri., Feb. 25, 6.15 p.m. 


Royal Meteorological Society 
LONDON 


Discussion on 
and Geophysics.” 
nomical Society. 
Society, Burlington House, Piccadilly, W.1.  Fri., 
2.30 to 4 p.m. and 4.30 to 6 p.m. 
EDINBURGH 

“Meteorology at Rothamsted,” by Dr.H.L.Penman. Annual 
General Meeting. Scottish Centre. Department of Natural 
Philosophy, The University, Drummond-street, Edinburgh. 
Fri., Feb. 25, 5 p.m. 


Royal United Service Institution 
LONDON 


* Rocket Propulsion and Its Implications to Human Society,” 
by A. V. Cleaver. Wed., Feb. 23, 3 p.m. 


Sheffield Metallurgical Association 
SHEFFIELD 
“Problems of a Public Analyst,” by E. P. Underwood. 
B.LS.R.A. Laboratories von Group), Hoyle-street, 
Sheffield, 3. Tues., Feb. 22, 


Sheffield Society of seahiees and Metallurgists 
SHEFFIELD 
“* Recent Developments in Colour Television,” by L. C. Jesty. 
Mon., Feb. 21, 7.30 p.m. 


Society of Instrument Technology 
LONDON 
Symposium on “ Corrosion.” 
Basis,” by Dr. Ulick R. .%) 
place, W.1. Tues., Feb. 22, 


“ Hydrodynamical Processes in Meteorology 
Joint Meeting with the Royal Astro- 
Apartments of the Royal Astronomical 

Feb. 25, 


Introduction on “ Scientific 
— House, 26 Portland- 
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British Institution of Radio Engineers, 9 
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Chemical Society, Burlington House, Piccadilly, 
(REGent 0675.) 

Illuminating Engineering Society, 32 Victoria-street, London, 
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Institute of Fuel, 18 Devonshire-street, Portland-place, London, 
of Nokon 7124.) 

Institute of Marine Engineers, 85 The Minories, London, E.C.3. 
(ROYal 8493.) 

Institute of Metals, London, S.W.1. 
(SLOane 6233.) 

Institute of Petroleum, Manson House, 
London, W.1. (LANgham 2250.) 

Institute of onion. Dalmeny — Monument-street, 
London, E.C.3. (MINcing Lane 6851.) 

Institute of Road Transport Engineers, 69 Victoria-street, 
London, S.W.1. (ABBey 6248.) 

Institute of Welding, 2 Buckingham Palace-gardens, London, 
S.W.1. os 9851.) 


Bedford-square, 
London, W.1. 


4 Grosvenor-gardens, 


26 Portland-place, 


Engineers, Great George-street, London, 


Institution of Civil 
S.W.1. (WHitehall 4577.) 


Institution of Electrical Engineers, Savoy-place, Victoria- 
embankment, London, W.C.2. (TEMple Bar 7676.) 

Institution of Engineers and Shipbuilders in Scotland, 39 Elm- 
bank-crescent, Glasgow, C.2. (Central 5181.) 

Institution of Heating and Ventilating Engineers, 49 Cadogan- 
square, London, S.W.1. (SLOane 3158.) 

Institution of gy Engineers, 28 Victoria-street, London, 

(ABBey 6672.) 

Institution of Mechanical Engineers, 1 Birdcage-walk, St. James’s 
Park, London, S.W.1. (WHItehall 7476.) 

Institution of Production Engineers, 10 Chesterfield-street, 
London, W.1. (GROsvenor 5254.) 

Junior Institution of Engineers, Pepys House, 14 Rochester-row, 
London, S.W.1. (VICtoria 0786.) 

Manchester Metallurgical Society, The Kennedy Press, Ltd. 
31 King-street West, Manchester 3. 
North East Coast Institution of Engineers and Shipbuilders, 
Bolbec Hall, Newcastle-upon-Tyne 1. (Newcastle 20289.) 
Royal Meteorological Society, 49 Cromwell-road, South Ken- 
sington, London, S.W.7. (KENsington 0730.) 

Royal United Service Institution, Whitehall, London, S.W.1. 
(WHitehall 5854.) 

Sheffield Metallurgical Association, 15 Crescent-road, Sheffield 7. 
(Sheffield 53674.) 

Sheffield Society of Engineers and Metallurgists, University of 
Sheffield, St. George’s-square, Sheffield 1. (Sheffield 24071.) 

Society of Instrument Technology, 184 Sherwood Park-road, 
Mitcham, Surrey. (POLlards 3620.) 








